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REM A RKS 

Claims 1-151 were pending in Ihc prescrit opplicalion. Claims 1,3, U, 123, 126, 130, 
135: 148, and 151 have been amended, claims 2, 49-122, 125, 129, 134, and 149-150 were 
cancitlcd, and new claims 1 52-1 54 vvcrc added. As a rcsuU of ihis amendment^ claims 1 , 3-48, 
123" 24, 126-128, 130-133, 135-148, and 1 51-154 are pending. Reexamination and 
reccjisidcraiion arc requested in lighl oflhc accompanying amendments and remarks. 

Applicants confirm the election ofGroup I, claims 1-48, 123-148, and 15L Claims49- 
122, and 149-1 50 have been canceled without prejudice pending their resubmission in a timely 
filed divisional application. 

Applicants have updated the cross-reference inlbrmalion by amending Ihc paragrapli 
beginning on page 1, line 4, 

The rejection ofclaims 10-1 1 and 14-36 under 35 IJ.S.C. §112. second paragraph, as 
bein;> iiulcllnite has been overcome. Claim 14 has been amended to eliminalc **carbonatc." 
Accordingly, applicants submit thai the claims, as amended herein, arc in compliance with 35 
U.S.r. §112, second paragraph, and respecllLiny request that the rejection be withdrawn. 

The rejcciion ofclaims 1-12, 14-15,22,32^33,35, 37-42, 12.3-148, and 151 under 35 
U.S.::. § 1 02(b) as being iinlicipatcd by Schapira (U.S, Patent No. 6,068,709) has been 
over;iome. Schapira teaches a process for the phosphatiration of metallic substrate comprising 
the X se of a phosphatization bath having a pH from about 1 to 5.5 and which comprises from 
aboi:t 0.3 to about 25 g/1 of /inc ion, from about 5 to about 50 g/1 phosphate ion, and from about 
0.01 to about 10 g/1 of a trivalcnt cobalt complex represented by 1 of 2 formulas. Col. 2, lines 28- 
62. 
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In Schapira, the trivalciU cobalt complex in aqueous solution is an ucccleralor Tor the 
pliosphating process. As discussed in ^'Phosphate Coalings." ASM Handbook, Vol. 5, p. 37f>, 
1994. and "Chemical Conversion and Anodizcd Coalings;' R.Burns cl al„ Proleclivc Coatings 
for Nfclals, p. 547, 1955 (copies altaclicd), accelerators forphosphaling solutions are oxidizers, 
lypic 'itly nilralos, nitrites, chlorates, nitroguanidine, hydrogen peroxide, etc., dissolved in the 
phosphaling ballt that increase the reaction rate with the metal substrate by eliminating hydrogen 
fonnalion. Schapira does noi teach or suggest the use oflrivalcnt or Ictravalcnl: cobalt in ihe 
formed coatifig. 

Claim 1 recites that the irivalcnt or Ictravalcnl cobalt/valence stabili^.er complex is 
prescmi in the conversion coaling itsclfin order to provide adequate corrosion proleelion. Claim 
I <\\s^ recites the solubility ol thc cobait/valcncc stabili'/r.er complex. The dependent claims 
lurlhcr describe the physicochcjmical charnctcristics that the oxidi/ed trivalcnt or tetravalcnl 
cobail exhibits in the coating in order lo provide adequate conosion prolcelion. 

The general concept of valence slabilization of cobalt in solution was known. However, 
a tr^^alcnl or tctravalent cobalt/ valence stabilizer complex incorporated in a solid 11 Im for 
corrosion inhibition is novcL 

The ability to stabili/.c trivalcnt cobalt in solution as described in Schapira does not 
guarantee an effective cobalt conversion coal. In the majority of cases, adding stabilivr.ers lo the 
baih is detrimental to the coating fomicd because of solubility difTercnees. The cobalt 
complexes described in Schapira have high aqueous solubilities. For example. Material Safety 
Daiif. Sheets for [Co(NO?;)(,]Na:t {Aldrich Catalog No, 46,373-6) and tCo(NH>)o|CI:4 (Aldrich 
CaU?log No. 4SJ 52-1 ) describe both as "very soluble in water." Althougli a compound that is 
"very soluble in water ' may be an excellent choice as an accelerator for phosphaling solutions, it 
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wouJti be a poor choice for a constiluenl compound in a conversion coaling because il would be 
wash away quickly by corrosive media. 

Tlic high aqueous sohibiliiy of the compounds in Schapira is evidenced in Ihc steps 
required lo form ihc compounds and separate them froi^i sohition. For example, processes 
involving [Co{NO:)r,!Na.j arc described in Chemical Abstracts Vol. 26, 3200, Chemical Abstracts 
I62S. and Chemical Abstracls Vol, 45, 4167 (copies of which are enclosed). [Co(N02)f,lNaj is 
used as a water-soluble precipitating agent for potassium. The sodium saU of Co(N02)o cxhibils 
high water solubility, whereas Ihe potassium salt is very insoluble in water. Schapira does not 
desctibc the use of the potassium sail l)ccausc of ils low solubility, which would make it 
unav;iilable in solution as a phosphaiing accelerator The formation or[Co(NH>V,]Cl.T from 
aqueous soiulion requires "satling out" with the addition of 400 ml of concentrated HCI lo 1500 
ml water with 230 g of [Co(Nl l^)r,]Cl3 contained therein. Inorganic Syntheses, Vol. 2, pp. 21 7- 
218. Preparation of [Co(N03)(NH3)5l(NOj)2 from the equally high solubility 
[Co( NlI.1.0.sCOy|NOi and nitric acid is detailed in Inorganic Syntheses, VoK 4, p, 174, 1953 (copy 
attached). 100 ml of methanol must be added to the 25 ml of water (a standard *^salting-oiit" 
procedure), followed by heating for 18 hours at lOO'^C to drive water off in order to produce 10 g 
of th2 desired compound. Similarly, the synthesis of [Co(Nli.0.sCO.^]NOH requires extensive 
evaporation to begin to obtain Qie product (1 .6 1 to 500 ml). Inorganic Syntheses, Vol. 6, p. 173- 
174 vcopy attached), demonstrating tliat even tiie use of carbonate as a trivalent cobalt valence 
stabilizer in solution does not ensure that a sparingly soluble trivalent cobalt compound will 
result. Synthesis of fCo(oxalatc)cn23CI, which is analogous to Schapira's [Co(oxalalc)en»JNO.^ 
also requires extensive evaporation to acquire a product. (Mori, ct al OulL Chem. Soc. .lapan 
3 1 :2 ? I -5 J 958: CA 52: 1 8060) (copy aUachcd). 

These examples show that there is a significant difference between stabilization in solution, 
whc^-c n^aximum solubility is desirable, and stabilization in a formed coaling, where sparingly 
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soluble characlcrislics arc desired. Schapira is concerned with the presence of irivalcni cobalt as 
an accclcralor for phosph;Uing b:Ubs, Because of this requirement, high sokibility in the water 
balh .s necessary. If the sohibility of a compound in water is loo low, then the compound will be 
unaviilable in the bath to act as an accelerator. Conversely, the present invention ijivolves the 
presence of a sparingly sohible compo^ind in the formed coating. Nowhere in Schapira are the 
solubility requireniejits for the trivalent compounds discussed. Schapira's trivalent compounds 
arc unusable as coating eonsliluents in the present invention because of their high soKibility, a 
nece?:sary requirement to act as an accelerator for the phosphating bath. 

The examiner stated that the term '•sparingly soluble" as in claims 1 4S and 1 5 1 did "not 
distinguish over the solubility of Schapira wherein the solubility of Schapira is suflieicnt to form 
a ecnvcrsion coaling solution tliat is capable of fomiiug a conversion coating on the sulxstratc- 
The emi 'sparingly' is a relative term and does nol dislinguish over any value of solubility/' 
However, the spccineation defines the conditions of a sparingly soluble complex at p. 8, line 1 1, 
to p, 9, line 5. and p. I<), line 7 to p. 20, line 23. Schapira's highly soluble materials neither teach 
nor suggest this property. 

According to the examiner, '1he properties recited in claims 2-7, 12, and 140-143, 
inch ding the solubility, the electrostatic barrier, the ion exchange property, the thickness of the 
coating (i.e., the coating resulting from the contact with the substrate), and the cavity containing 
cobalt and an additional ion are inherent properties necesfiuirily present from the presence of the 
sannj claimed chemicals, namely the trivalent cobalt complex that has been combined with i\ 
ligard {i.e. a valence stabilizer)/' However, as explained above, the presence of a stabilized 
cobalt compound in solution as in Schapira is not the same as a cobalt/valence stabiliser complex 
within the solid corrosion-inhibiting conversion coaling. Moreover, Schapira's cobalt 
compounds do not have the claimed solubility, as discussed. The dependent claims fuithcr 
describe the physicochcmical characteristics that the oxidized irivalcnl or letravalcnt cobalt 
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cxhit ils in ihc coating in order lo provide adeqiuitc corrosion protection, chtuiiclcristics which 
are not inherent in Schapira's cobalt stabili/.cd in solution. 

With respect to claim 1 2, the cobalt compounds of Schapira do not inherently have a 
ccntriit cavity conlaininy; a cobalt ion and an additional ion. Nowhere in Schapira is there any 
tyi^e cobalt compound which has a central cavity containing a cobalt ion and an additional ion. 
See f.. 13.5. line 5-17, The examiner must provide a basis in IiiCt and/or technical reasoning to 
reasonably support the determination that the allegedly inherent characteristic necessarily (lows 
from the teachings ofihc applied prior art. MPEP 2112, All organic compounds and simple 
inorganic compounds bond directly to the cobalt ion, whether in solution or in the coating, The 
valence stabilizers with a central cavity arc llic larger inorganic valence stabilizers that can 
polyincri/.c, i.e.. The hetcropolymelallalcs, such as molybdaie. lungstate, vanadate, etc. See p. 26, 
line 3 to p. 28. line 1 6, and p. 1 34, line 8 to p. 133, line 20. None of Schapira's compounds 
have a central cavity having another melal ion in il. The central cavity only contains the trivalcnt 
cobalt ion. 

With respect to claims 1 23-148. Schapira describes a phosphaling bath, which requires 
the presence of a phosphate source. The phosphate source requiretncnls are discussed in 
l I.EAans, Metallic Corrosion and Passivity and Protection, 1048 p. 604-605, R.Burns el aL, 
Proliictivc Coatings for Metals, 1955. p. 545-552 (copies enclosed). Tlic present invention does 
not I se phosphate ions, yet provides formulations that equal or approach the performance of 
hexavalcnt chromium. 

There are two general classes of conversion coats - phosphating and chromating. Tlie 
present invention is not designed to replace phosphating (although it could) because phosphate 
bath; rarely include hexavalcnt compounds. Rather, Uie present invention is designed to replace 
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hextr'alcnt chromium in chromatc conversion coalings, whicli do not include phosphate. Sec 
BunHClalp. 552-553. 

Scliapira specifically dislinguishcs between the phosphalini; process and the chromate 

conv-.:rsion conting process. 

In thot conncclion. il is important to slate tJiot until now (see the document EP-A-0 45S 
020) the only known use of irivalcnl cobalt complexes was of their use in the surface 
ircalmcnis ofsubstrates essentially based on aluminum in view of the formation on ihcse 
surAices of eonvcrsion coatings instead of carcinogenic hcxavalent chrome derivatives; 
phosphali/ation ticatmciits were noi conicmplated; the thus obtained conversion coalings 
contain aluminum oxide as major constituent, at least in voUiineiric percentage, and 
cobalt oxides CoO, Co.xOj and C02O . , . . . 

Col. 3, lines 1-13. 

Claims I23iuid 151 as amended recite "a corrosion-inhibiting conversion coating bath 
eons sting essentially of a solvent, a precursor cobalt source, and a valence stabilizer combined 
lo fonn a cob^ltyvalcnce stabilizer complex, optionally an oxidizer, optionally preparative agent, 
and optionally a solubility control agent.** There are no phosphate ions in the bath. 

Thus, claims 1-12. 14-15,22, 32-33,35,37-42, 123-148. and 151 under 35 US.C § 
1 02(i:>) are not anticipated by Schapira. 

The rejection of claims 1-12. 14-15, 123-126, 129^148, and 151 under 35 IKS.C § 103(a) 
as bring unpatentable over Applicant's Admitted Known Prior An in Speeillcalion has been 
overcome. According to the examiner, "Applicant's Admission includes teachings of cobalt 
complexes having the claimed valences and valence stabilizers (e.g. inorganic or organic 
stabilisers) (page 5, line 23 to page 7, line 6)." 
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However, contrary lo the examiner's position, these rclcrcnces do not anticipate the 
claiir c(l invention. Claims i and J 48 recite that trivalt:nl or tctrjivalent cobalt is present in Ihc 
conv:rsioi) coating ilsdf in order lo provide adequate corrosion protection. They also recite tbe 
sohit iliiy of the cobait/valencc stabilizer complex in the coaling. The dependent claims liirthcr 
describe the physicochemical charficlcristics that the oxidi/,ed trivalent or tetravatent cobalt 
exhibits in the coaling in order to provide adequaic corrosion protection. 

In contrast, i\s described in applicant's specification at page 5, line 23 to page 7, line 6, 
the r.;rcrences cited by the examiner arc all directed to "stabilizing'' the trivalent oxidation state 
ofccball while il is in aqueous solution, c,g., to increase the bath life, etc. None oflhesc 
referc^nccs icaoli or suggest tlic functionality oririvalent or teiravalcnt cobalt within a solid, 
corrc'sion-inhibiting conversion coating formed on a substrate metal. In fact, stabilizing trivalent 
cobalt in solution does not necessarily pi'oduce an eflbctivc solid, corrosion-inhibiting cobalt 
conversion coaling. In the majority of cases, adding stabilizers to the balli is actually detrimenial 
10 thj coating fonncd due to solubility diiTcrenccs, as discussed above. 

As noted on page 5 of the present application, the cited prior art uses additives ciillcd 
"bath stabilizers". These chemical species form more stable coordination bonds with trivalent 
cobalt cations than with divalent cobalt eaiions in an aqueous conversion coating solution. 
Spccincally, earboxylates, hydroxyalkyl amines (aminoalcohois, such as triethanolaminc), or 
nitriio complexes are described as being tiddcd to the bath to retain trivalent cobalt in solution 
and V.O stabilize concentrations during the cooting process. However, unlike the present invention 
that is directed to maintaining oxidised cobalt (i.e., trivalent and/or tctravalent cobalt) in a solid, 
corrosion-inhibiting conversion coating formed on a substrate metal, the prior ait bath .stabilizers 
only treat and extend the ser\'iee lile of the trivalent cobalt in the conversion coaling solution. 
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Moreover, in conlrrust to the preseni appJication, "bath stabilizers" used in ihc manner of 
these spccificationii reduce the formation and prccipiialion of trivtilent cobaU-coiilaining solids 
during coaling deposilion. Bath si abi I izcrs described in ihcsc cited references behave similar to 
masking iigcnts for chemical gravimetric analysis to keep unwanted compounds fi^om 
prcci litating, and actually serve to starve the deposited coaling of trivalcni cobalt by shifting Ihe 
equilibrium away from the formation ol'a solid, corrosionMnhibiling conversion coaling 
contj ining trivalcm cobalt on Ihe metal surface, to the irivalenl cobalt remaining dissolved in ihc 
coali ig baih (see comparative example 2 on pages 3 1 30 1 4). The compounds formed from the 
solulions described in the cited references have lower structural stabiliiy in the coating, as well as 
higher aqueous Holubility, than if no baih stabilizer were used at all. The solubilities ofthc 
tonnzd compounds are too high to afford long-lcrm corrosion protection, Stabili/Jng the valence 
ofthi ion in aqueous solution does not suggest iis application in the solid film. The idea of using 
valence stabili;£Cd Irigb oxidation state cobalt incorporated into a solid 111m for corrosion 
inhibition is novel. 

The examiner stated that ihe lurm ^'sparingly soluble" as in claims 148 and 1 5 1 did "not 
distinguish over the solubility admitted by applicant wherein the solubility ofthc composition 
admrtled by applicant is sufficient to fonn a conversion coating solution that is capable of 
forming a conversion coating on the substrate. The term 'sparingly' is a relative term and docs 
not cislinguish over any value of solubility/* However, the specification defines the conditions 
of a sparingly soluble complex at p.p. 8Jine 1 1, lop. 9, line 5, and p. 19. line? top. 20, lino 23. 
The cited prior art neither teaches nor suggests this properly. 

The e:<aminer also stated that "the properties recited in claims 2-7, 1 2, and 1 40- 1 43, 
including the solubility, the eleclroslalic barrier, the ion exchange property, the thickness ofthc 
coat ng (i.e., the coaling resulting froni the contact with the substrate), lUKl the cavity coniaining 
coUii and an additional ion are inherent properties necessarily present from the presence ofthc 
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same cUiinicd chemicals, namely iho irivalcnt cobalt complex iluil has been combined willi a 
ligaml (i.e. a valence stabilizer)/' However, as; explained above, ihc dependent claims lurlhcr 
describe ihc physicoclicmjcal cbaraclerislics Uiat ihc oxidized irivalcnt or letravalcnt cobalt 
cxhihils in the coating in order to provide adequate corrosion protection, characteristics which 
are not inherent in the cited prior art. 

Tliererorc, claims 1-12.14-15, 123-126, 129-14S,and 151 would not have been obvious 
to 0115 of ordinary skill in the art at ihc time the invention wa.s made. 

The rejection of claims 43-48 under 35 U.S.C- § 103(a) as beiny unpatentable over 
SclKV^irn in view ofOuyang (U.S. Patctit No, 5,505,792) has been overcome. Ouyang is cited as 
leaching coloring and coloring additive for conversion coalings. I lowevcr, Oiiyang does not 
remedy ihc dcncicncies of Schapira. Therefore, claims 43-48 would not have been obvioui> to 
one of ordinary skill in the art at the time the invention was made- 

Applicanls gratefully acknowledge the Exiimincr's statement that claims 1 3, 34. and 36 
would be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. Nfew claim 152 includes the subject matter of claims 1, 12, 
and 3; new claim 1 53 includes the subject matter of claims 1,14, 32, and 34; and new claim 
154 nchides the subject mailer of chums 1, 14, 35 and 36. No new matter has been added. In 
light of the Examiner's indication of allowable subject mailer^ applicanls respectfully submit that 
these new claims are in condition for allowance. 
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CONC!.tlS ION 

Applicant rcspcctfiiliy submit lhaU in view of the above umcndincnl and remarks, the 
appli.iation is now in condition for allowance. Applic^mls respectfully request thai claims 1,3- 
48, 5 23-124, 126-128, 130-133, 135-148, and 151-154 be passed lo allowance. 

If the Examiner has any questions or comments regarding the prcscnl application, he is 
invittid to contact the undersigned attorney at the telephone number indicated below. 



Respectfully submitted, 
DINSMORE & SHOHL LLP 



Patricia L. Prior 
Registration Mo. 33,758 

One Oaylon C'cnlrc 
One South Main SUccU Suite 500 
Daylaii. Ohio 45402-2023 
Telephone: (937) 223-2050 
Facs mile: (937) 223-0724 

PLP;anim 
Encij. 
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or sysiiMh, whcihcr or fvM cr»vcrcd by IclkTi pmcnr, t?opyri^'Jn, or rradcmiulc. ajiU nothing, 
comamci) in tliiJi l)o<-»k shall br Ci'JnAirucd a.s a dc femur atji^inM any alleccd inft niRcmcm of Ictlcrs 
piiicni. copyrijflif, i»r Iraiiernark, or Aft a defcnjic a}:aiiiM liability for sik^U iofrinpcmcni. 
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Phosphate Coatings 



PHOSPHATE rO/,TINC k The trcntnv.nt <^f 
iron. sJfcl. f?,alvnni7x:,c. sic.i^K or aluinumrti wiih u 
diluie. .9oliui<">n of ;T\nsphoftc jcid anri olhcr 
Ch«^wii::il5; in which t\.c surf^icc of ilur nurtiiL rir- 
:iciinj> chcmioiilly wirh the phosplioiic aci<l mc 
dia. ifi convtTlt^l lo ;J^ iiUC/iifnL miklly pn>lt!i:tive 
layer of insoluble c-.y:;iatliiic phosphate. ITic 
wei«?fu J>nd crySLilhnc r^tmcfuic nt the coaiiiu; 
iind ihe extent p<tn:fr:ui(>Ti of Usl* coaiinir, iiuo 
the hasc mr.ial can l>j conuolkd by: 

• Mcrh(xl orclc;iniTt£ hclorc Ucalmcnl 

• l.Ixi! ol* activiuin;i: rinsos conuiulnii liiaiiitirit 
and other mctah; i>r cDrnpoundx 

• McThod of applyin;: llic suUuiOh 

• Icmpi^raLurt!. cofic:olKuicni. nml <^ur.itinn of 
tr^aCitiCiU 

• Mixlilicalioa of th : rhcrnical composiiion ot 
phosplt;uini> Mihilinn 

riic method of app vine; phosphate cnnrinp; is 
jisualJy deicrmiacd ihc si/« aiuJ sliapc of the 
ai!icJc fo hr. crOatcd. Small itcnx^. such nutii. 
hcilts, screws, and staTipinj^n. ;irir coalttd in tuiii- 
b\inj.\ barrels imn^tTNid in phosphalini? ;;oln«ini^ 
t..ar^;u fabricated j\n cl<*^. y-niM iia rtrfri)[.'Ci*aK>r 
cabiiiets. are i;pTay co jied with soiutmn whdo on 
convry<ir;». Automo^ Ic bodies w. .sprayed wilh 
Or imnicrr^cd in pho>.]-h;uinj» solution. Sitrcl sliccl 
and strip c;in he passed continuouyly ihronizh d»<* 
phospliiiting solution m' cun Ix .sj>raycd. 

Phosphjic coutiM>;: ran^;*: in ifjickntrss fiom 
less than 3 to 50 (0.1 to 2 mil), Coatinfi 
weight ti?''^"^^^ •'l^e meter of coated 

area), rather thiui rratinj^ thickne:ts. ha.^ been 
adoptc:<i as ihc basis for ox press in;: the uinouni 
of coarin.e; dcpoKiied 



Phosphate Coalings 

llirce principal ty;>;s of phosphar^r coaiini;'<. are 
in licncrai u>;e: /.inc iioii. and rnanji:»ne'i*-. A 
fourth type, lead pho? phatc, ninrr rcce*nrly intro- 
ducwi. is openiic-<l a: imhien< tempera tiire.s. 

Zinc phosphate »:onling5 eneotnpjiN?J a widtt 
rjnjj;e of wei^jlltti :uk1 c yy^U\\ t:h;ir.n:lrnMic^. larit'.in^ 
iVotn iH'avy nini:; wiili oo:trse ciy^tals ro oltraihin 
nJic^0Cfyr>tal!inc deports, /.inc phiv^phale co;ilin;>s 
vary triim li^Jihi to d;ir; ^'.ray in color. Coutiiiji:; UiC 
darker as ijje c;irboii ei>n{ou of ihe umleHyiny sirr! 
incnrxscK, iIk? ftriio js eonient of the. eojuinp. uv 
creases. a.s heavy mc| d ion»; are inrorp*)ratwt uiio 
il)c phoKphutjnii soUitiiin. or iis the .substrate n jcial i.«; 



acid picklc<i prior ro pho.sphatini*. Ziiic phONpluUin^ 
:;oluiJons wntaininj'. ;iciivi; o.xidi;'*irs usually pio- 
ducc li|»hier-ct>lorvd coatitit!;:t Ihnn do solutions US- 
iiij», niilder :icceleraloji;. 

Zinc phospKlte cootrngs cran Ivi jipj)ht*d t>y 
spray. iaMrKrsion, or a combination of the two. 
Coatinjis can he used tor ;viy of ihc loUowinj; ajjpli- 
catK^nj: of phosphaOriji.v hitse ihi paint or oil; iud to 
cold formiiiy. tiitn: diawinii. Mvi wiic drawjin^i in 
ClCii:>in)4 wa>r reJ>i?>tanc<fi or ruslpjt)onf»j,'.. Spray 
i:i>ann;r'i on .sirri sui'liuer; i^pie tn wel^>bt from 1 
to 10.$ p/m'^ 0 ^ to ^St y. U)"- n/yir); 

inuiiersion coanni^s, fron) I .<>! to •l.'J.O ji/itr' 0.'1% 
MrMot).MI ovJiV ). 

tron phosphate coiilinj^s were Jlu: TirM lo Ixr 
Uiv^nt coTnmerciaily. I£:u!y iioa phu.sphaonu noJu 
iiori:; cuiiiiisted of fenou;; pho^-phJUo/pho'-plH'^nc 
acid n.v-c;! M tem|xral»jre.\ near lx**ilin£t aT>d profhiccd 
ikirk ]?y.\y etxuiiie/. wiih coarse cr>'.'.tals. H-jc term 
}ro/t pfmspfuift" rnnr:m*x nrfcrs in co:]iiTur.s rcsidlinii 
rmtn aJkali-meliil ;;ho<;phaic solutions opctnlcd at 
pM in Ok ({m^^^e of -J.O to 5,0. which produce e.tceed- 
iuyly fine ciyM;ds. The. soiud»ms pf<xince an anvii" 
phoo.s ctxtliJi/i cnn?;lstinjj; prininriiy of mvi oxirlex 
and having! an inUM'fert*tu:e coloi' I'an'^c Of iiidcwcnt 
blue TO rcildj.sh'blue colon 

A typical fonnnlation for an iron ))ho.sphalc 
bulh is (Kern: 



t.'tMUthtallliMt* ^ 

12-1? 

n,2:» U.MJ 
x*in 



BaKieaUy. then, mm pliosphaic foiinulatiiMis consiNi 
of primary phosphate .satl.s and aeeekTaloiN Jis- 
wlvcd in a phoj;phonc «cid .soluiion. tt is aeul 
Ihni initi.iies the fomn^Hon of :i coatinc on a metal 
.surfaire. VVlirii acid atUKkft iUt rtieinJ and be«in.'. to 
be eonsunK*d» solution pH al the meial surface iIm?:; 
sh<ihtty. 'Iliis is what caur^'ii Ihc prinwrv' plwwphale 
salts ro dn>]:i our of .solution and re.ict witl t the incluJ 
j;urf;»ce, fomiii^i* a tiryMaJIine ctVitinp. 

All iron phospfiau* cunvrrsitJii t:n;niji^vs ;lie 
COmpO?ied of pan tally orutTali/fd pho.';phoric 
acid. Rut all iron phosphaler; arr not Cieated 
eqtjal. Other in^:reilicnis, .snch a.-; \hv. Spccillc ac 
eelcralor a^^ed (Table t 'j, hold part of the. key. 

Although iron phosphate coaiinys are apjj^ied 
TO MccI to provulc a receptive surface for die 
b<>o<Jini> of fabric, wood, and other niaierial.s. 



(heir chief application h a'> a bayc for suLKeipirru 
fdms of paiiu. Pioces^i^.s that produce iron phos- 
phaic coatinjir» are also available for treatment of 
i^atvani/ed antt aluminum snrfacer.. \ron phos- 
ph:iie coatint'S have excel lent adherence and pro- 
. vide* c^ood resistance ro flukinp: irom impact or 
flexm)?, when paitucd. Corroxion resi>>tancc, 
either lhroui.;h fdni i>r scribe ucidereut. is u.suzilly 
luss than liiat auanicd with iiioc phosphate. How* 
ever, a good iron phosphate eoatin^* often oulp^^r 
fonns ;i |X)or y.mc phosphate coaling'. 

sSpray application of iron phosphaie cnaonj?> is 
mo.'U freqnenfJy used, atihonj^h immenann appli- 
cation ai^a> practical, llie accepted fanj;,e of 
coaiin.!:^ weiphtu ts 0.21 lo O.Hh ;?ym^ >: It)-^ 
to ov./l>-^). l.iitle t>c*nelu is derived from ex- 
ceed iny I J lis ranf^e, and coalings of Ics:; than 0.2 1 
yjiii- ((1.9 X ll>-^ 0it/ft"\l iue likely to be norjufii- 
ioriti ot discontinuous. Quality iron pho:>phutc 
c<.>ittiu^^^; are routinely deposited at tentperaturi'is 
frnm 2.') lo 65 "C (SO 10 "l-> l>y cither spray or 
jmmersioo method.*;. 

M*ingafK»si.» phosph.it4i» c;o,itinjjK are appli«i 
lo ferrour, pan.s (be.iriii'^'.s. i;;ear;. imi\ inteninl com- 
hujaion cnj'jne pan.*;, tor cxan^plc) for break-in ami 
to j^revcnt jiallinjc. These ctjatinp^s ;ue usiidlly dark 
^xay. Mowever, beeauj^ almost all mani;ant!!ie plios- 
tihulc coalinj^:^ uix: u:iCd its ai) Oil bu:tc and llie QiJ 
inieiKsiHes Uie coloring, niLuiciuiesc pht^nipliutc eoat- 
ini»s ttiv U!>ui\liy black iji apixMrance. ht i:».>tT»e in- 
StaiKTS.a caU:iuru-ru(xiinet] /.iuc ptio.sphatR coarin^ 
c'jn Ixr snUUiluled for ni.'u)j>ane.se phosjiliutc to im- 
f^art bieak in and ;uttj]>:Uljnj[; properties. 

iVlanj;^arje?ic pho^^phate <?oallnp are applied 
only by immersion, rK<pnrin^ii limes raniiinj;. from 
S to .*\0 rnin. ('o^'itin^* weights normally vitfy frtxn 

TO :v2.:j i*/m? n.}< >•. itr - to m.h3 o?/h^), but 

can be |L:realcr if required. The Tnan|[r:ipt«}»c phos- 
pliate cniitiOjL; usui\)ly preferred is lijf^hl and fitie* 

Til bk' 1 f f fee t i> f ccclcrii (or<i on I he wc i ght 
of An iron phosphate coating 



Mrr;)ltii: MiArci molal 

kiiiftf'., Ieii(iu\, 

/tm:,iiiiil 

Alun\iiutm 

(UMi/iir HiKhtiuiiltiy 
Steel only 

:MMiei>:Ki:t'J 



uiin.:/ 
0 2::.o.<x 
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Tnble 2 Acccic rators used in phosphate coating proa?sses 



kriTlviakrt 



t>|Hi«iiutt op<*ra<lhK nmdUioH^ 
KmUii 



fill 
5!i 



AlliMiii. Kipiil |MiK:cKbu»;cvcii 
•jLt lim* ierrn^K:niluiv*!K 

r^tithlj! in li(|ui(l ccinc'cnlriil^'?.. 

oihI p:]Ti(:tiiNhiltC:ttl. 
I )wi»ri:ifiiM:!: )In; u.httt: 

irnmin^ wftij>hl. Nci 

huniil'iil p^MlM(rl^. l-'nx* Ipqu 

«iUttfttft|;. 
No separate ncwJraliwrts 

m)iiin'.(i. CitKMi tifHTiiMiitk 

rrjiisUnct!. 
NVittiKrl)te< iifivv.ifTiiUn ihn its 

niiiiK,iv<:, 



IJtMtMiHnn 



kcduccion of FcrO^ innrjisrs llu* mm 

V.A»i(*ivi nf llmcnalin)',. 
Corrosive fwme;. I n.r.hhf tmiiUilib: a1 

)u)>li ImiIi lrn>|-NTam(L^. l*i»,|acul 

^ykiitiixa fi rv.i\u'iv*:.(l. 

Kennov»] of ^^etaimiHis. prrcipiunr 
irtym nv.-»hant p}to.%ph:it(; i:n:rtn^^^ 

ttiilhcooirol lends Kvtv critUrjiI. 1 lc:ivy 
slinlpi-. I\'k(i>^iii<vi>. |,.»Tnilc.(l :Auh)lily. 
Cominoou^ ji<WMinn Ik nicpwii. 

Cvtliinunis .irvliuiiit in ir(|itiv«it 
Vuhiti>uiOii&shi<l$«. 

.Slii;lii)y MMiible. Does noi c;»nlri>i llic 
Niilildp ol'li'mMi.'; mm iii the lulli. 



lii^l..owiAfitpi!f;Huiv..k>MW. KrI .< 



orain. rAthcr iha i hK>st! uiid coLtr:>c-,uiain. How 
ever, dcsinirl fr>siu! si/.c vui'ics with service iv- 
quircmimts. In tiuiiiy in.siunccN. the crysial is rc- 
tiocti Of: ihc! rcstli ol* son«.- prciKMUncnr (iWiiin 
typr.«: t>f ctciiiKrs mul/wr tomlitioninii :ti«t:tiis 
biisril on ni;iiip;uicsc pho?;phiUc) oi'lUv iMct:ti siir- 
lace. 

M:in);anc:st:-in«i plu>;.plK\U- coaiinf?/* .'irc n?;ii- 
allv foniicUfron bipji ic«i|>i^rjitiirc b:UhK rroin 90 



Compositiori of Phosphate Coatinj; 

A)j phosphau trOaliii-f';; in'c puxikiccd by the 
r.iifi-ic type of cljcmiciil icaciion: the aciii bath, 
roniainin^' ihc C'*aiiu]t: chemicals, rc'-\t:\y^ ihc 
metal lo he cotncri. nor) ;\i the in'criaijc. a thin \'\\m 
(»r soltjiion nc..urali/cd hccaiisr nl its attack on 
the mCTa). In iht! ii^urrah/.titi sol u[ ion, soJubiliiy ol 
the metal phospl ales is rc<luCcd, a;iJ Uicy pl'ccipi 
tatc. tVoiu lliL- ;t>luliOxi as cryMali-. C'r\'j;t:ils itw 
ihcii aUiJKtcd ic the Nuriac'it oJ' llic iiurlal by the 
norma) clc^ii<>;^iaiic: potuiuial vk'itliin the metal, 
aiul they arc dvf:osiicJ On the COtllOC^ic J.itc^s. 

When an uL-iil phosj>!uilL' ii:iicts with MccL two 
typ<:^ of inui ph .).si)liali: aic piOcJucect: A prinijiry 
phosphuic. wliic I cmei« ihc coatio*:: ;tnd o secon- 
dary plwjsphatt:, vuliich ciUciy the soiulion as a 
soluble iron COiiipOuUd. II Ulis '.;ccondar\' ferrous 
l^hosphiitc were O.xidimi K> a ferrie pli<>.;phat«^, if 
would no lon)!et W i.oh.ibli* and wouKI precipitate 
Jrom the bath. C xidi/Jn^ ae.eniN aiv iiicorporAtcd 
lo rvniovc the roluble xecondan' t'crrotjs phos- 
pliiiif. ItecaiiJiC the fcrroun pho:;phah^ inhibii.s 
COaiit^p r<^rmaiic n. 

AUhOJH'.h all pbo;;phalin["'. balhN are i'lC-id ih tuv- 
Inn* and 10 soivc extrni attack the metal br.inp 
coated, hyrtropc-i coibritdcment seldom occurs jlv 
a residt of phosr bating., 'l^is is primanly httcajise. 
all pbo^phnrinf, wths r.ontnin depolarizers or oxi- 
dizers that rcoct with the hydro"t:n as it is roniicd 



and wncJrr it liannlfR.^ to the. mcral In some 
iriKlaiuars, hOv-Tver. xiitc-phOKphatc prfHTCsscs, 
itilcndcd for ust: \villi ritsl inhihjtioj;. oils for eor- 
roxitjo rvNisiiinee or niannnticsc-phospbale Ircat- 
iiit-ul:;, C;irt causc hydropcn tjmbrinlcnicMt Ik- 
caosc ihey may contain a niinimutn aiiiouot of 
depcilari/.ers arici oxidizers. A dwell lime before 
iiKc or miUI heaiinp: may be nec<icd to relieve 
e,»nbrinU-tncrn. 

■|*he, acidity of plK)si)hiitin>.' badi:^ vurk',*;. do- 
pen(Jin[t on die lype ol pho:.'phattog eompoimd 
and its method ol applieation. Inuncrsioii v.ine 
phosphaiifip, biUh^ operate io a pH nm\^c of \.A to 
-.4. wheieaN spray zinc phospbaiing .solurioivi 
tan Opeialc at a pH as hiji!h as ,1^.4, ilependin'* Oit 
the bath ieir>|XTaturc. Iron phosphaiini: baths aso 
>dly ope rale at a pil of .3.J< lu 5. Maneancse. 
phosphulini; baths operate in a pH ranjie eoi»pa- 
rable lo ihul ibe intnicr>iOi1 ^inc phospb^ting 
soluiion.'i. Lead-pho:»phale soluiions are ii.Kually 
it^orc aoidie \hm any ofilm othc^rs. 

Znic. ia»n. am! n»a!u>aoeja". pbospliaiii^'. h\i\hs 
usually c:i)ntain jn acccrlriaior, wtnch can ranj;f,c 
CrOin a ioild oxidant, .aich n»irjne, ro one of the 
more vi;.'.urOUS niliilC;. ehloratr. peroxide, or Or- 
eanic isuUonic acids Hablc "1). The purpo.scs ol 
ihciie aceolcraiorfi are lo sj>ee<l up the raic ol 
coating*, lo oNidi^e frrrou.s iron» and to reduce 
crystal i-izc. This is aec:i»niphsbrd bec.tu.<ie of the 
ability of the aeceleraior.s lo oxidize the hydropen 
iVoni ihe siirfaee of the metnl l^cinp coated- Pbo^- 
pluiliiiK'. .soliilitin c:in die:f^ OOOlact the Piclal t:<in- 
tinijonsly, perminin^ complciCiKr.s of rr.aelion 
and tmitorri^ity ofeoverar.ft. AcrceleralOrf; liave an 
oNidi'^inj[! cffeei on the dissolved irwn in Ihe balh. 
ihus exicndinp: the u^elnl life ol ihu soliJiit>n. 
,Son>c zinc and iron pho'iphaiinj: proeessex rely 
on oxy;;en from the air il\ the ueeeleraioi. Zinc 
phnsphiLlint; batlis for alutniuuu) usualiy contain 
Lomp^t^^ or free lluoridcs 10 acceleiaic coaling 
Ibmiulion and U) block the coalinji-inhibitinj.: ef- 
fcti of .sotui?]c uluininutn. 



Applications 

On the basis orpv>uiuh: of eliciiijcals con^umrrt 
or tons of sicttl treated, itie greatest «sc ofphos- 
|.ihaic e<iKit litmus i^ bn.*;r for paint. Ph05iphatC 
cOiUinpJS circ ^Iso nst;cl lo provide: 

• A base lot Oil or Olhcr ntst- prevent ive maiet'i«l 

• Lubricity uiid ru^isiuiK'e to wear, liallin^;. Or 
^corinc of pari;; m^vini; in C^>nutet, wffb or 
widKMit oil 

• A siirfaee t)iat fae/dilatti.s eold foiminj^l 

• Teniporary or shon-timc resistance to mild 
corrosion 

• A base for adhcsivcs in phistie-iTictal luminu- 
mm ornibbcr-io-mcial applications 



Phosphate: Co«iUngs as a Base ior Paint 

i'hc useful Ufe of any painted metal aniclc 
(iepends mainly on the durnbility of the ori^anie 
coating itself and tiie :idberenc-e \}\' Ute film lo tlJC 
surface on vv'hich if is applied. "I'hc primary fune- 
lion of any protective eoaiinji t»f jjaint is to pre 
veni corroidon of the Ixtse metal in the environ- 
ment iji which it is used To necomplish This 
purpose, die mnbnd of prepariiiji the tvjcial 
should reduce ilie activity of the metal stiTl'ace. no 
fhni tindci11lm c-<>rrosion is prcviinitid ai the inter- 
imiv. between piiint and rneiat. 

When ti.sert ni; a base tor p-iint fihn.s, phosphate 
eoatiniis promote £!iPOd paini adhc&ion, increase 
the resistance, of the films to humidity and water 
s<.»aking, and substaniially iciiird the .sjjread of 
any c<HTOiiion that nmy orrur. A plKi.^phatc cosii- 
in^: retards die amoimi of corrosion crettp, \x- 
eanse the (^atinj^^ is a dielectric illiii thai insitlatCt*; 
the acLive unodc and caUnxle centers existing", 
over the entire surface of the base mcial. l-^y 
irisidatinr, ihefte afear>. corroftion of ihc Ruriace is 
airt/jicd or At least substantially rcianiled. 
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fROTFCriVE COATIHOS FOR UBTAl^ 

improved by the u8C of a soluUon of 
primary m^uganou. P''-P»^f ^ to the bath, it bo.ng 

churned thatoxidation of ab l(«i.t_ om - of I .^^ , 

usually rr.m 3 to 4 ho«r« ^^^'-^^Ji^^j L pho«phat'ms i.he .t«...l 

f,.-.«s" >vus mthcr -^f ^^ ^f^.^^Sfe; it nor the original Pa^^^ 

p:u't,« of bi.ycU« ^-^^ 'f;;;;? Sv expftT.(lii))tfi-«hin8 industry. 

WH^r^s was suited to U«> ace. r, of the rA^^^^^ ^ .^^ 

' The Parker pro.c«::, -^^'^^^f " ^^^i;^^^^^^ P"- 
guno«c dihydr.w:« P\'"«P'^;;f J^^^^ll^ s^^^^^^^^^^ later a lurtbor r.duc- 
siblc a raluctioo in time-, o " ,f effected by ir^corporat.ntt 

tion in pro«««^insj time to about » " ^ J^^^ ^^^^^ .j,, permitt«.l the «.c 

, of the pi-o«.s m a reflected in tb« nurn« 

..bondoriMuK," given U> the ^^^^^^^^ appliction. 

, h.ve bean in the directum of t.mc ^ J J ...cUl bcim'. 

the formation of fcbe pho^pluite ^at^ in aqueous «ohit.on 

b.th i. no b.ia..d t.. ti. 

1:1:::^ 

on catliodio aftisia 



1 



l-2H.P0«->-Fe (iLPfK)-, -I- 2I.I 
211. ->U. 



(2) 
(3) 
(4) 



Che pH at the i.t.r.<^ 
producLs of the s«condary siad tertiary b:dt« .^rt ..xti-U 
reliction iisilbistrated by: 



» nii. V. M., <-'*<"»•■ "-"^ 
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CTfEMICAL OONVBKm>N AND AN0D17Ja> COATINGS 

The crystalline lavor fornK>d k hwf^oAy the inroUibU: tt^rtuviy yinc phos- 
ph;iU% trjccthcr wit}) a sjniil) jimount of wtcoiidftry* iron phosphfitc. Recent 
evirfcnct iridii:ai.0P thiit sottik iron from the. solution bccomos sin iiitcgral 
purt of -.ho <!«Mtiim duriug thr j>rocc.^.s.' The pTojwrCKm «f iron to zinc n- 
dependent on the Tnctli<*<i of application, salution coa^'osition, tempera- 
ture, an J tunc of proeessins- 

Thc BOlution o(>rnr)Osif.ioii ii> critical in that too mncli Jm» Jicid rc5ulU 
OT»ly in pkklm^ of the fit<r(^] iuirfacc,^ whihi loo little promoLes Hhidgc 
fonnatinn. Tliis seeond effect h«4:i)incft jnereti^in^rly l,to\ibiosatntt ns (Jic 
(joncenk'Jition of f^rroua ions in the hixih build.? up with time. AJtlioug^^ 
il, is fcilt Lhat some iron phosphtite ip bencOcjal to the tKlhifrence and 
in'o(.oc:ti^'e quaiiik-. of the edJitiUR, cxccasive iiriioiilits arc detrimKnUl W 
oorm-qi (.ni roj^i f?t;i n vxi, 

A ^vjoml sjxlt freqnentJy UHod iu pha?p]j:iUnj^ bJiths is Tri:iriji::vnasc 
pli08pV;r.1x:. The i^iiioUOTUv nre ;inaloj?ouii to tho«e for s'/nie except thiit tlu? 
initial rftrtcUoti (1^:<^ 1) yields the «?econdury a.? well as terhiury salt. 

The foiiiinjr. reaction iUustraU^d nhovc an fixtremely slow onn, nwin/; 
Jargely to enthotiic pohiriaiation. AcccIerjiUuts n^tcntK are tltor^f ore added 
tc» the buth to reduce tre:itirient tiiuc. Oxidizing aj^ents, such as nltniUiR, 
nitrites, or cforates, behave as depolarizoi-s in oxidi/in-; the hydroircn 
formed (E(j. 3). (_>tht!r aceclcrators for inereasiiiR the renetioo rate ilichid<r 
copper pjilts. or-anie {^oinpOundJJ fllieh as nitrubciizicnc, b:is<;J> auch 
aniiiuc, toluidene, pyridene, and quinoHne. Provid^ul the condition?^ arc 
fucy i^ont'ollcd that a' fine t*rnm Kize iw obtained, thenj is no appreeinbUi 
»=ia<:nfiei; in protective vahic associated with the o»c of aeeclerfttor». 
l'r)?'oni;'. i tlie n.'^e of ae(;eleri\tors, reaetinn tijncs have been redneed to lesi^ 
than a minnte Tor paint-buse eoatin^;s. Ft has IhuH bcconic po«fiible to 
apply phosphate eoatinjiK by spray tedmiqnnfi as one slcr) in the coit- 
veyor prnductiou of large liierns ftuch iis automobile bndies, f<^ndcr,s, etc. 
llie cliart in pij^ure ITk-I BUinmanxra; the phosphate treotmontH in current 
U8C together wrtli the basi.s metals treated and methods and pnrpose.s of 
applica;ioD, 

Af4 hi any coatinp; pniiroj^si, the succe.SJS of tlie operation depen<L^^ or\ 
proper preparatory siirfaee treatment. Mechanical siirfaee eleaninii;, such 
a,« ejnij 'y treatmeitt, or bliisting with 8and, j^rit, or shot^ ie ernph)yed to 
remove sr.ah* and runt. Depcreju^inE; is aceompli«)ied with trichloretiiylene 
or in an alkalintj bath. Phosphate coatJii<:si are jmrticularly Mjusittvc to 

• Ki>jkr. S. U. and Ch;wnb<;flo*in, V, C, Mfiial Finv-htnt;, SO. No. C. V'.^ 

♦ J^hofp^oric /inid rJr.juiiue. aQ difttinfjijirjjfiiJ froro a trup. phoapUntiDij: Jj-i^vl-niimt, 
rMnnlo.v? a hiph-iicid buUi priinJirily Iaj rcmO^^O nirfucv dirt uiul ^rt^ftxp:, Icrtviiip n 
rMizH m rfanc etcli to promott: mc^;hahit^^l bonHinR )mnt, topcMn?r with ft vf^ry 
thin pH'jypimtc mmhuN To iiwurc proper rlo/iniw*;, the. ixvMi ooiicr.iiLrtaion miwt bo 
«o hipb that « m>h:»tanUtil cry»Uinino phoRphaie film caimot be deveJojxsd. 
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548 PROTicr/nVE COATINGS l^OR METALS 

grease, lumre parts should not, be handled with hrtr« fmnds After degreM«- 



ing- 



Tlni proU^otive quulitica of pho«F>imte coatjni53 arc larguly a function 
of the crystailinji.jd)aractcr of the film, proUit:tioa incrcttfting with dc- 



TVPe I PHOSPHATE 
OF METAU USEO ^ 



APPLICATJON H TciliJuS.'' 




37EEL 
SURFACES 



OR OIL Ht lCNTlONp— L 



S3 



Lr 



CCUD CSfTKUiStONl 



h>H05PHAtti 



1^ 



CLCANtNC ANO 



PAINT nONDING 



h-' , rl »^M«T J 
—-.-J I I ,„,rte Liwo 



PHOSPHORIC 
UJ ACID 



PAINT OONOINC: 



OR. 5PRAY 



1 



MHIIITIM J 



5PftAY OR WIPCM 



J [j- ------1 

LOW CQactfliRMwnl 




21 NC 



"nr" ■'zinc"*' If"' 

j phosphate: |] 



AUUMtNUM 
SURFACES 



4 



7JNC Ji 

PHOSP HATE [ I 



PAINT flONDINO 



J SWAT ""T— 

I -» 

H 



CcurUMv fif thv Pffifttuviuatiia Salt jV/tf. C«. 

FiQUHF. IG-l. Siimmury vl typcH tuul oi phosplmlc cwlinpi. 
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M:.nS Im. h.r,rcH.in« tcmporaLuro. By «si„. ^-^'"J^^.^Jf ^^^^^^^^^^^ 

xnip«raUirc can be reduced wiU, no jidv«r«> cff«^^. on S/a.n 
Cmtnl «t.niot«r« is also nfu-.ctcd by physicnl trra .mcnt of th« Mirfacc 
nS>' • to pKosphating. The "wiping" effect, whereby the 3.ir ft(5B m TT.cchan- 
; pld l^^^or tn trc«tJrt, results in refined crynt.. structure .nd 
^ ovTJ^ ooLioa resistance. Tbi« name effect can bo -^f^-f-^ . 
ch . anally in a solution oonCuining 1 ,..r f^V? U^S: w^ri ' 
0 01 pnr cent titanium as ihc. anhydrous phosplial* salt » The work s 
procipprd in this solution; then, without rinsinR, into th« p^^T.f l^^X 
Thi. trcatn.ent is applied to both iron ftnd r..oc, but pnm»nly to the 

'''a wiving pho.phi.te filn,. to ferrous fcurfaccs is An accepted method 
Of riins wear nr,d g^dlins "» "uains part^."' Properly ubnca .cd tho 
oouling provides myrutd.s of oil reservoir., efTcctivc ,n redu.nvK fru: . u. 
F..r.hci-niorc, the coatinR is deformed slinhtly under pressure, thus r<.dt.<.- 
inK u,axanum applied ..tn^:.. Hca.? pho«r>l«xtc fihns for tin. P»n.o«c arc 
ordinarily formed from "slow" baths of stinc or nmngan^.u phosphate -it 
a tompcrnture botw..r, 90 :ind lOO^C (200-210-F) " Koartion tun., 
ran TO from 10 to 60 nnnutcs. to pr.HJuec film« of JfJOO to 4000 mK P<'r 
mi -t 'llicrn is littU; dimenKional clmngc associated with tliese coatniirs. 
Vt nor,nallv i. of the ordor of 0.005 nmi (0.0002 inch) for a hcayj- 
coalin,;. Of the n,;,ny application.^^ of thi^^ ty,.e, many are fouad m the 
aut3nioliv« industrx'. PiKlon riij^s. rocker arms, eaniahaft-s, valves, tap- 
pet,, and rvHndcr liners ar« frequently phosphated to mcrcise Me. 
-^-he use of Mm: phosphate- coatings to reduce friction in wrc. tube. 
<l«ep drawing ftppli.:ation.s was .sufjge.stwl about twenty years 
witi not commercially dcvdoped until the recent war. Coatings of 1»0 to 
:m<i m per sn/ft are UKt^d. the thicker coatings bc>inR «p<!cified whore 
dvformatioa is Hsht or moderat«^. For Revere forming opcratjonR tl..; 
thi ikncs.s if limited to procludc injury to the coating. Lubnc:iU:d coatinp- 
of -.his nature, bv markedly reducing friction, reduce wear on dies, permH 
fa^=tcr (orminn operations, and conserve power."' No .adverse cfi^ocls on 
ph/sicttl 'properties result from phosphMting. Hardness, <«nstt1c Ftr.inRlh, 
an i tcrapcr arc unimpaired. 

Mthou}^!. the foregoinp friction-roducinji «.«!C« of phosphate coalinR^ 
a:<: comn.ereialty important, the phosphating treatment is knnun and 

"VuiJI^a, M.. Mctrd fnd. ( London), '7H, 7. (IMD- 
« JcrniiUdl,, C... Tram. EUseirmhcm. Sor.., 83. 3r>l (19<3V 

Unosa, M. B., JMhrication Eng.. fi, 117 {1050>. 
:> AytcB. R. v., MtUcriak A Mcihodt, 31. No. 4. 100 (l»5I). 
:»Hol(lcn. n. A.. SJiect MoUd, Ind., 26. 123, (1049). 
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nnOTEaTive cOArtNGS for m^al» 

. . 1 f^, infrL-isiii" corroalon nisistatKc. The 
usod primarily a pumt 1'^!'/"'^ '""''S^nical anchorage for i>aint, 
porouH n:ituro of th« film provKlc.. which pcT^C" 

Uuncl, or hvcq««r; the pho«,>h-tc £ f.^W mHll «d stifles the spread 
fcrat.^ the pni.t film from r.achu,« ^[^^ f^^mcd in "ra«t" 

of corrosioa b^ru.tth Ibu pa.nt ^^'^V.^r .' ^raturos rai^xins from 
or .n-W-v.c Ph0.ph.^^« , 30 

room tcTni»er£tturc Lo JlO 1'. ^ n„ per sq ft. The 

seconds to 5 minute., ^^^^^'^'f ^^'J^^Z^^^^ 'hi treated part 
risk of corrosion fro.n f-^l^^ZS^^--^<^^ 
vftrie,s with the. type «1 e ,)f t ^ose c.'..l.ainin« acccl- 

Wpc. av« not particularly ^'r^ :^;^^,^^ in . chron.at« 
crating a£«nt. cr,n be qnrU: ''^^^^^'^'j .^"^^^-^^n a d.romic acid rin.c. 
bnth i« fvennentiy n.ed to prov.do ; 'f f J'^f^f ^^^^^^^^^^^^ proves beneficial, 
with acid cOTiccnlratu,n« up to 5>-^ • „ 3 ,.ut. Ck.nccn- 

;-s;r";sS's;rsr;;? «» ~ 



T«at 

74't Jimjra ic salt foi!S 
i year rural oxpowVM'C 



20 .3» 



1.60 



The uxtcnt to Which phosphate co.tin.s .id in the n^ienti^n oi" puint on 
stocl piincis is shov^n in .I-'**''*' J^*:^'" , , r,^t^ntimi of n«int5, pliosphate 

in addition to incro..-nS ^JS^Hilnrtro^i"^^^^^ ^ixW 
coHtins. also t«,d to sf.itlc und«r b.^cd syntf.ctic 

<:/,«.« «nc., 01. Sr.J (10-17). "Phosphate CoatiUBB," ll«printO<l wW. 

Dansoy. V. M Pnrk«r ^'''^ J''^''h. B- Uhli«. ,.. 887. N.:* York. 

DmwiMsion from "Corit)f.»oD Hitnrfbook. «UlC<i oy a- 
.Tobn Wiley & Soiw, Inr, 
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CIIEMlCAJj CONYBHSION ANT) ANODIZKD COATINGS 



5&1 



t.vo surfaces, tbft phosphate coating improved paint proter.Uon and re- 
tarded underfilm attack.^*"* 

The nfTmhiy of phoaplmto (H>atmKy for 0}\ and w;ix is* exploited in rufit- 
r.roafnig many sirtidos. The adhttflion and jibrasion niisiHtHnoc of tho totxU 
115 IS such that thretidod articles, such ttH nuU;, bolts, and Bftrews, can be 

TAm.n IlimiNTHiN OF Paint nr Untrdated ani> Firop.rnA'rK-CoATiw Stw, 



\\AylU^r applicJilion 

By *^>rny 
S(.oel-phoaphjiW coaled 
By imiiiofflion dipijipji 



0.177 
0^00 
0542 



(V5>) 



43.9 
74 



};o treated. DurinR World AVars I and H mmW anm wore rustiproofcd by 
phospluitJiiK, thcD ti-crit)ni5 with chromic acid and it ru«t.~prevftntive oiU 
Tho covrosiori projection obtairKvi ik indicatoti in Tabic lO^-^?,'*"- in whictli 
:ir« listed salt-spray recpiimnonts for Tnilil.:vry equipmont finished in thiK 
:nann{.»r. 

TAriiF lf» - Salt Snuv R^rtj^yanoc Oiii' PiitjpriTATim tVnSKii Bi^x^nic akt^ Attkk Oa.XN« 



A 



Cnniliif; "Wl, 

lottCMono 



Bchrr AflDr 
J 24 
5 30 



Bnaidcs iron imd steel, other metftls, notably sjine and ahiinitjum, are 
phosphate treated on a LHrp:o f^oaie. Zinc Riirf.Hi:e» which arc painted with 
no intcrmediaU: trcatmcont provide inadequate twrv]<:e due primarily to 
Uic reuction of xinc with the pfiint vehicle. Zinc soap« are formed, 
destroyin[< {he bond between the paint :ind the zUk:. Pho^tphatipR iti one 
ti-eatJnent U8ed to avoid this difFienlty, and also to inereabC the mechanic 
ejii anehorase of the paint Cadmium is treated in the Kainc wiy. Tlie 
bathes are of xinc pho.sphate in whieh tlie wi)rk i« dipped for al>out 2 
mimitcs. forinioK « film of 7', to 200 mg per »q ft.'* Pl^o.^pliatin^r is re*> 
ommendcd frequently for zine- or cadraium-plaU^d t*U;eJ that is to be 
l>aint(;d. Zinc-flaRh bondcrizii)?; consists in applvinj; a thin elcctrodopofiii 
of «ine whieh is c^ven a pho^-^phatinj; treatment, then painted. This 00m- 
poBite eoatiiiK provides a WirMar deRi^cc of rorrop.ion protection io iron or 
«tcol than does normal pho^^phatinR and painting. Trte rAnc thicWncns is 

' "j^Gcntinii, N. P.. Machine T}r.rd(tn, 24, No, 2, Ml (1052). 
" X>out.y, A., rinling, 38. la^l (1051).. 
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552 fROI'ECriyn COA'I'INGS POB \f£TALS 

mrtnnn'>'5 to 00000* inch) for indwr and 
usually 0.0006 to O0f»V^,;!;^,.^t^'oi^n^^^^^^^^ outdoor cxposnrc. 
0.0025 to 0.0035 mu (^ '^lO to 0 MOlo m^^ ^.^^„ 

For treatine tin . f Pf '"^l^^f " ^ J. TS^cd on the t3n, impt^rting 
in which .an oxid« ftT»d phosphate couiplcx _ "^f^^ ^^j^,,, product,.'* 
incrouscl rcsi.tanc« to corrosion '^^^'i'^^'^p .^cond. at 8.5=0 

Procoasms is carried out by ^^^'^^'^'l^XTpS^it,. (anhydrox.s) . 8 

pounds sodmin d.chromatc, 20 P«'^f ^'^^^^^ t,„«tnient dooa not 

ting agent, .nd ^^^^^^^ irfcr. with .uK.cau.nl 

affect the ivpptiarancc of tlio racUi ^lor u increase t1i« 

she f-lifc of c:u.ne.l food« both ^^..'^'^^^ ;f/'"';'^^^v,nang the U,i.i|lhtly 

..n durin. f it^rcXH^^^^^ ^" 
blackcHine of cun mt^nois resuiung 
aoup, find many vegetable!*. 

CHROMATE COATINGS 

r.^^-:; n ; ^^^^^ 

10 retard the corrosion of zinc and cadnnum plated pftTt« ana 
XSons of chromnte coating nro pv.do.nin.nt.y by in.« 

iPmrf«<:l >f«i'*i'W ^ 
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pioecsscs. althouj?h elcotrolytie m(!fcl.od« arc u«cd to some extent .n the 

S-crTindust,ry The both campo.iiion« are l«r«dy ?ropnetory bj.t a 

contain t.vo basic c(msUtu.nt«: hcxaval««t clu-am,«« jons and a -^nr^nl 

Lid. Some «180 conUin one or T,iorc or^-amc 

^ic or cadmium article is attockcd by th« mineral ac^d w.th 

ri« in pH or the 5oh.t.ion next to the T^efeil. At the same time some 

h,'^valci.t chroniiutn is reduced to th« trivalent *>tatc. At ^ critical pH 

the trivalent chromium and some hexavalcnt chrorojura arc coprccipitatcfl 

0>i the nuita! surlfice. 

One of the oldest ftnd still popular chromatinK proccssR.s la ^^^J*^^ 
the "Cronalc"? procoss** conccmirE which dctftib have been published. 
7 he bath contains chiefly sodium dichromatc in fairly high comcntra- 
tion., sliRhtly acidified with «i,Jfurio acid. Analytical 8t«dics indicaU: 
. tic film formed from this bath to be a baMc dmmixum cbro.natc of Uut 
general forraula Cr=0, • OO, • xII.O. A typical him. dned at 110 C 
(230"?), has been awalywid aa follows; 



H>;ix.%val(;nt lihrotnimti 

TfivaJcnt r.hrrnniuni 

Sulfate 

7<ine 

Sndiuin 



337% 
!!.I2% 



"lie thickness is fihout 0.0005 mm (0.0O002 inch). 
' Chromate film-s are Renerally nonco'stallinc, nonporous, and sel- *c- 
"hcv are quiU- su-sccptiblc to dnmaRc from abrasion immeduitely foUow- 
ing Olra formation; hence should be aged 12 to 24 hours before being 
..ubjectcd to normal shop hondUnB. Kloctrolytically applied coat)tiE«« arc 
not subject t.o thi6 limitation. 

Ghrom.1)* films which provide maximum protection contain hoth tnva- 
cnt and bexavalont chromium." Protection ia provided in two ways. The 
wnnorous nature of the film physically excludes, to a large extent mois- 
;urc from the metal. At discontinuities in the film, the bcxavalcnt chro- 
.nium. bciiiK slightly aoluble, exerts its well-known inhibiting action. 
Expcriment« show that the formation of wliito corrosion product is inhib- 
ited so long as a minimum amount of hcxavalcnt chromi.im rcmainH in 
the film. The useful life of a chromated part thus dcjpends on the rate 
at >vhich hcxavalcnt chromium is leached from the film, i.e.. on the 
degree of wetting of the part. The protection proi-ided by ft Oronak 
cOHtinfi; in stagnrtnl. water is illuPtraled in Table 10-4.*' 

rj[Zij,'(^,..,>f) triide roiu-k of Now Jenwy Zinc Company. „, » 

f tt. S. Patent 2.036.380 <M»r. 24, 1030) 13. J. Williclm (to New ,W'.v 7.mc Co.). 
31 Andcraoa, E. A., /'roe. Am. EleOlropIaUrs' Sae., 30, 6 (11M3). 
s»Oii(!ra»d«. C. W., PUilino, S8. 1033 (1961). 
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Znii 111. L'fii «r* 

145*. 

CtnmpoKition of cmiiplcx mcliil cyiMXiflc m'Jii^tJs. Compli^H Ni oynitiil*? ra<iivu! 
(MasAKj) 2. SyiilJiWiis uuti x-ray tiivr/.tinratton of NiCijOi f.lloLOlsu*JSUfl) 2. 

Lai'mma. Hknui: Rccherchf^r. nur lAn aUiminaten dc ctilunim ct mir Icuf.*)! combinai- 
sona avcc Ic elltorurv «l Ic :Jtilfatc rf« calcium. Puri'i: Vuiln'ri. iVS pp. F. Mi, 

7~-ANALyTlCAL CHEMISTRy 

\V. T. llAr.l. 



An improv«<l mothod at t;\vuttjti»lJvr ?:pnr.tronr:iphic aitnly.-jjs. C. C.V N^rn'ti 



ANi> L». \V\ f>rANi>i«N. ///!/:. c.^irw., .'i«<j*. ///ir. n^*; WHii'o.;;. -i nif;^uw< ».nn- 

p|ny.rrf i.'i A modification o/ the tiU'Oitxl:: '^i (/orhoh S-thivrit/pr ti\m\ N". (r'. 2J» 
ir»87). In (he imi>ruvtMi iiirlliiHl an acjdr.1. clcTni;iil 1:* lr» Htr :'.;nvipjf' in a const. 

Icxioivn iimt. h>t iiOU\isnt\i\\>n purp<><;<vc. Tin- tisr of a r*'Oi->r<Hnf; mIcrophotomcUT is nuw 
;pi;{|.in«*iJ :uitl crvn<:l<lcrablc. time :;:ivi;cf. Foitr /iriiitirtrim.'tiils :irr» Ivjh.Ml fur si I i.sfnol »ty 
<:oir)pan»oii ol .-nHtcUal lint-*;. A pp. and procedure wrv d«.»5tril»r<i. atirl yp<'<^i' ''» i^>d micro- 
piioloim'Uic Tr:cof<l« arc shown. O t*x;Linplr?i given awl tbr rrnwa are aHii- 
iyy.rd. The. dc.vi.'xtion from t.hi.' uhran of 4 ^Ictii.'s. 1 purt in fnim W lu 20, M. A S. 

Mbro-»ilHrtI5»n»?rry find acidimctry. S. K, CimtKov. /<«//. f»i5/. rrchrrchrx Hot. 
Perm 7, No. 7/8. 427 -10( German sumiiuiry) MO • l( I I }. •The r^oln. to be invcrsHjjntcii 
b li(rnr»-tl in tin: Inrr-fmcdratc Col^r Of a li color indicator, wiili nol :;<njMKHT tlimi 0,01 
rcoffonta irotn a mcn\bniac inwrrubiir^t. Kornjittiis nrr ftivi*ii for caJc;;. the decrease 
in acidity or aJky, />u value,'* arc taken frotn tnMi";. R. H. Fp«f:irsow 

ThormomotTic tltruUon. 't'AKAYUKr .SowrvA. 7. Soc. Client, tnd. 51, i;i5 4.()T 

f ions!); cf. f:. 4'. 21* .'WKJOr iJ^-H), ii(Kr/\ tnov. ioo.«; 24, 3:i«0. .ifli^.— The 
nvc«'s»«y app. ir; nliowii and oMOiffoii/J applications oi^ the 'ucthod »re described. 

W. T. IT. 

TJsc of benv;idia(! 3CfttAt<> indiciftor in molybdo-nianKaninuHry; «pplica(ton to 
the electrolytic dotemilnation "f ?» Urw hundrnrlthr* of a milliRTarti id Copper, R. CuiLLi?- 
Mifr ANr> T.. Tiifvni.i.iv. CowM '*'ftti. S^*-. MttL 108, lit) »'<.n»i<'"; ;md Thivnlii' 

f C. A. 17, JliW) dcveI«p«Ht ji tiwihtrtl Wh lU't^j. Ci.i which dcp»»ttdcd upon tltn fact thai 
when Cm is phinKr.d into u phosplioniolvhdn(r ii.':ir,i""t (boil -K) of Nll» molyhdat*-, 
fV) i>c, f»f NaOH f!oln.. d. M>0. :»iid jOO cc. of water until w> mun: KH.» iv- 1' vol vrti. cT«Hd, 
add ::U0 <T. of wjitrr ;nid 200 "f M,PO<* fi. J .'f), lyVd ir» min.. cool and dil. <o 1 »..) 
thv*. Cm dir.?Jolw-*j, forminc a bhjr !«.»hi. whu*l) Jx^oni<::' coJnrlf.'.M? whtto tiUutfrl with 
KrviiiO*. To ovcrooMM? Oi** ditTiciilty in dctg. ihv. ctuI im.miiI, \i is mm* i»:coi>uri«riid(:d 
to uac hcnsidixtc uccluk* *.ioIo. iiKliirritor. Oissnlvt* [ oF hc.nzMinf. In 10 cc. ot ;;;taci:il 
AcOI-T, hoil :ind dil. to JOO cc. AltCT w;(yhinjt ;im rh.drolylic Cii rlr!iu>r:it. |»hniKir thr 
i:lt:ctrorlr into rnou;;h of tlic phoNrdtoinolyhdic rc:i\i(?cnt cover it in n ^muiU 

tube with a I't vvirc c;ithwkO, -dh^v the wUtr to cji«vrt'»p I"*!!- a ffw tnin.. while using the 
caUwHl<' ;ls il stii rrr and titt atn with dil. KM.nO^ jiftt^' addintj Uw. in<.lic:»tor. W T. H. 

A neutral huffcnad f;tnm.lnfd, for hyriropjcn-lon work nod Hccunitij titrations^ wluch 
can be prcpKired iu o»^e yninote. I^«;k»c }. \V«i.mam«; ANn Cart* M. Lyman. J. Am. 
C/tcm, ^SfK. .'>'l» ign 2(1!);?2). N"U,OAe yjMH- i.hrmigh wide liinil» of conc", hnvt." :i 
/»u ot jilniost o.\actJv 7.00. W. T. H. 

New r<)/{f.t^nt for the detection of hydfoxy nr.ldr,. C H. l.tnuKALU. /?/;f. qjijfJt'. 
U^ulfm. 12, No. 10, lil( KVn ) -'-Hvtirnxv acids can he dctrvlvd by ii-n; of t!lr 
rollowinir reagent: J-'cCU (H?%) ^y^lA ^-r... KCNrt no%) r.H.U cc., H.O to lUO cc. 
Thr rciiK'Mit ninw yelh*w fm t.lic^ addn. of a iwnlnd jjoIu. of hydroxy iicid. AcOU and 
MX^dkr acid ttl'H) nivt^ ihi; sanu: ix^lor. Aihhi. of I drop of ilNUi hriaj;!f bnck ttiv oriKin»il 
r<*rt color with hydroxy acids. Wiih Ae<'jH ami oxalii; jiciih*. rolor liocs not rrtiini. 

• E, S. C. H. 

I*repuration of codiinn coh.'^ Ui Ditntfl as potasuiuxn fertgent. M. Rui>p a no A. 
rry:cKN»OKP. Apoth. Zif,. 47, ;^.52 3fl0»2). To :> v,. of pnwil. O.o(NOa), in *2.\ p. 
AcOU wnd 1 I!. r-TiO udd .-i lukr. warm soln. of JO jf. N'uNt^ in I \ HjO. remove the 
.N.jUj by a .'{O-niip. current of unpinurd air tlinnii^li tlic niixt., allow to island 15-30 mlii.. 
par».s through a filter In rr.rnovir any tnrhldlty and mix io u fmrvidaiii iitnrtor with 1*0 fc. 
of p\in.\ freshly dchydrK<f<l Mn^SO-i, then in a v:iciivtn dt-?;i«rator for rv day. Tri- 

turate tiw KOhJcn ycUow cryMt, intu*;* and virvsrf vc in uinhrr «hifts. W. O. !>, ' 



''3 
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V 



[han pJiM'Cii m B^O ihcy rank :md niinlt.V iniriiHfFcri lor u- lii:^. :n llic SoCl, 

mentioned above. Aft^-r wiiiihiitg in wnt<-v. rbcy arc piU snfirctk-4vely into ale, 
xylene, aitU imufnu* Tlic sbA:«J>^ can tu>w hv. jnvLUr.i^atitd undi-r tli<! micTos^iOpc 
idtvr ihc- ri:niov.i| of the pnraftln» or clr^ IrculcO [ncvinnnty n<:rordinK Pa{>|>cn- 
h«m- llift Hj^ Is WsiWc in liUV. niolmlctk By {ininvU cxperlrn^uly. the uullior liaj; 
dvlcrmincd that on kcrpiny the cadiivcr. rrnrtion .C;tA(h.iaJly tJiwippeurn (iuri«K 
the Uccomp* procrJiTs probably owiijj. ti> thtt l'nrni;ili<)n ol IIrS: in >:<>ncml, th« SuCI, 
reagent dow not. give rcsuUo sifter 6 «.hiyx. J- W. KaiK. 

Tlx© PwcipltalloM oi Fj5cher»n Suit Oif<rinnrily Supponod to be PotnsRium CohnJli- 
juitxite. L. L. l>itKx>NmCK. Bxtil. vuw hcig, chim,, 33, -Ki>r thiz ])f<?ciritafion 

of DiiK, /cwwuwcnds » iu>l. of 50 Co(NOa), dlsjvoWcil \u 1 1. II/) addifivd 

with ?.S cc. JlNOa '.^)- »s titUkit 10 ,1 y.i>\, of .yv, p^. cryst. NtiNU^ <n;.w.lvcd 

ill T I, of Up. Hy tl'« tiKi*. of Una n»»ttiro. fT. cxti hr. found in ;)Tr»fiuni.s »s :uikiU /ift 
iMOjiXH-^ while wUh the l£OAc sol., foitnorly rc«»innii:.iidi;«J. the Hrtiii v^/ib i: ao<x>. 
DcK.. iilwj fi^fWifts thai bettor w:tiU5. arc oblaimil in iwpaialinft Ni .ind Co by usitig 
11 sol. fonr.VimriK 3s «. NaNOt ^^iwl K- KNO, i" 100 -x. H,0 in pl:ice of Ibt .|f.% KNO, 
.'.III. formcriy ctnployviK The rrrtJJOn is obvintir. sinne roxri. KNO, ih Um wvhv imjiiirc 
thi»i com. NuNOr ^'""^'^^'^ 

.ThoSyj;tciu:Walcr> Pyridine and StfJiurn CarboxWt*. A Sludy of Sidpbility and 
the Curve? of Stilurutlon. IT. I^iMiiOriCU. f^tdL Miz. cfiint,, flj, ty€)"/i>o, 

I. K. PwatT>. 



MWERAJLOGICAL AND GEOLOGICAL CHEMISTRY. 

Tior.JtK C. WKi.i,:-.. 

Recent mnVaodti of Rock Annlynln. P. G. W. ftAyj.v. Mrlhournr. AiM^r/i/, 

AxAoc, Adv. Sa, .M^.'i;Imij5 of Jnil., tci07. K.«?l>""' nnllMu, to pp. Thir< i;* it* 

part an nrmunnnr. in Uxvar of iimformUy M mribr»a it» rork anulysi;.;, hn^f.fl on the work 
of Ib^c clieniists of the M S. C»rt>l, Snrvoy. in order lu nnikc ji(«^;j;lhlo comparir.ons of the 
»:rc;i<;c»t real vakie, UiKl pti^ii fcf orj:ai)izctI oliir.siftciUinl Of Uift it^ntous roek.ii ot 
Auf.traJLa. on Die lincH £idoiJti»<.l l-^y the Ann:fH^ii> Survr-y. A fc^T slight yiuOiJ":=irionf; 
of the ttitMbods of niUtrblAnd as hiid 0<>wn in /?»//. 17<S arc worked tint. oornpnuMl 
iv; 10 nn;«!ts wiOi those obtuitu.ii by llic uri^jinnl mr.thod:4. Ai lami I. wo of Ihf i>m<li- 
ficaliOTtr. had :ilre:idy bccti ;»doi>lird by rii1kbra:7il /^»//. :^os of I ho VJ, f>ol, Survey 
l>eforc the :lbov<; piipur wa>^ ir:ifl, W. 1-. IIilusihsano, 

ObrJidinnltcH — Their Or»f:in from « Chemical Stninli>cMiit. 11. S. SuMMijuj;. Pfoc. 
A'oy. wSoc, ^^t<;/</rf«, 2T fsj , 4::«;V •I.'? - i^ix TKnudcd and thnc iU-w aiuxlyyct* «.»f nhy\UU- 
:ijiites arc coiopUttJi-l by the AniirM*::iti (^yj-.tcm of clrts«,tf;c:aii.Mi tyi ii;(u't>iis rock?. Thry 
uhnw coniposilion:i AinMy tucl wUh anirmi: U'rrr.-riUj'.fl toi-ks. mor.t «f thcni fMllini; in 
the Rro«p uJjut:ro}«\ froin whif:h typL' Uu: rK-ixl do i\.>< ;:tf!iUy flivcr?,e. Th<;n; iiJ nothirir, 
in cfumuon bet\v<'.<>n their coiijp. imtJ th:il oT nvks from pUic^rM Hull, have been lutined 
n« pofwibic 5ouTcej5. Thore iis sin apparent proviTio'-.d disiribMlmn, find, if so, their 
cosmic orij{i« iliu only pOf.Rlhle one. Hi III ion I U;;; nrc- r.Iinwn to be ^coeUcJilly eoii- 
at'Ctcd. with oKsidiamtcn, rtttd for nioidavii^ft, whirli huvi: few roprcK<-»hLlive.s 
iiinonjj VtfoMfinl rocks, llio :xr>^,univni in favor of a cosmic orif-in is !Jir#;»i]fjthcned. 

vv. i'\ IInx«j»«ANj>. 

Poor. Thorium Exist a*; 'Ihoiium Silicate in Mnnazitc? Oito Kwi-lf^ aNI> I«\ J, 
MimsOKR, CohiiWbm Univ. J. Am. S^c, 31, ^.^o ^'j::. ri>;f;. (Krt-^n. /^/-t.t.. 17 PP.)---- 
Tldrty distinct crytHals from Nocth Carohim uiul Nitrwny wert^ analyzed. Lurgc 
crysLdLi vycje broken into frapmenln oaeh fr;ij;i,i«»»t analyzed avpnnir^Jy, whcrchy 
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, . ,+ „„j Tr,.v- hiMilLfxn^rl M' t\t lotittd for Uie tirst rtvc »iu<m« Iti I Im' U.'-.i.; the corrcupondnifj 



(NO,)P3> in mixt::. of MNO, an<J ill'. Acctln iwul m the 




uDKl. Willi Lti|Co(NOs)«U cm \Xr. filtered iitkI wmUicd nioic-- 
cuiity than wIhmi {m>i.U. with \Xw Nit rca«i-iir., and coine;<U»wii 
wcU rnnncd culnc crvsnals corresponfltin; dy«rly to tJic 
toriuviJa Ki{C.V)(NO,leI whction rxt:iri^;or rcagcntiaanploytni; 
die wU of the i:i ulnuwl liidcpciuUmt of wlirttlicr or not ^ 
the soiu. iiJ ;iKifra<!rI duritAK p|>t;i.» iti <ioiitrait to tbc IaTj{<j; 
chjaifjcr. ob:;crvr.tl wiUj Ujft Na rcagCUt- Tiift iMHon of the K 

ChcuiiJytry of thorium in aqucoxUI solutions. 1. QrRunic 
wul inorganic comploAofi. A. 0;i.y> Jr.. suul W.— 
Sitwmhtoii (Ou!i Ridge Niitl. Liib.. Osik R«lKe> lci\n.). J. 
Am. CUcm, Soc. 7;j, etW2-7( Iflr?*)). • Kq««. Ct"Kl3. Tor the 

mCH. CUCCOOH, HBvO,. Cl.CnC(.)OH. UNO. HCl and 
CICW/COOII in atj. unln. xvtUi a Il-ion ctJUcn. otO.ri atid « 
an ionie filmmilJ of 0.5 w«c obtiiimil by dctg. Uur. dij^uihn . 
lion ratios bi'Uvc^in thif fiolu. awd iKtnzcue. ctnitf:. thcnoyl 
tntluorwiro.tonc (.1) !in a djicl:ir.itic agent. The twotrfn. for 
the J : I coinpWxf:; liccrealJC In vUc i.>rd»'.r of the ;il»ovti lisunj:. 
Koin^ from 4J5 X lO^ for HlF^" ^ tf> lliffhcr co;u- 

pIcKiiiK cO«»a%pond.illj(; lo Xh/:»ti!Otl rjhoi: of ^ iu«d a was 



Elictfochcmical study oC coinpleXCB ol tho nilvcr loa and 
rtmiliO diciirboxyllc acids. Suitiirmf; VaHadur?- Dubois. 
Compl. rcn'l. 231, IV^OlV- i;;iKl( 10:30). - -Aspiirlk MCid juirl 
rltit:iinic ueiil, rJy«."'<^. hij;h pK form complex unions 
oi (ih'iiit .nime i;t;U>ilir.y, eoixirspoiKJin?: lo 3 molr>. of th« 
uMiiiw* ndd (t» i/iie of AcrNO,. Ltjii! 3- McO.>JJcy 



Ai:-.cii;ilc:v-O.H.iduUon uf arseniou?; 'M\\i\ ^ niUitha-slii) 1, 
Kincf ios «in.i nicchajiisrii of solid"plirtr.e reaciioiw - in oxjdf 
(llmR on pure (Gulbrmstro) 2. Ilcnvy-iiii>r;il ftUnninidcn 
(Rutp.-nlrtM-lc)*;. 

'l';uifin«. A;: jN«:i>»i.!anjsl;.;i Kiinija. Wi'irh^iibcfj:: A- 
Urok;uiH Dovaiia. I'>t8. IV'O pp. _^ , 

WellH A, .StnirftiirJ InorKrniut V.iinmfXiy. New 

Yoik: dxf^ird Univ. r*j-i;-7i, tor>l. pp- ^7. 

lixpenvneuU'lle liiiilulmmj?: in AiiorRanische Chenne, 
'Itth c(l. KJiied W. KLlutnni and W. Fischer* Werhh: 
VV. d.' Ciitytcr. l*H',^. iW'l pp. DM V.l?(>. KevHjw«d m 



A N A LY T IC A 1,. CH E^VlI ST R Y 



N. Thoii 



llistary of npidyticnl chemi»lry \u Ru«nift, 
l^ccv-nC dcveIop«nents In iuorRanic lUtalyticaJ cheiPJslry 



Ail 



niiiniiiinc :uul quinitjcj lUifJ of If^ticinc, riorteiieMu:, and bo- 
"leucine. ll.N. UyCf 

Spt*CUOchecntc;U anaJysiti i>f a Kolntioo on graphito. 
v;ni ^r^o^seiaer. J- l.->v:Uli.>«it, .ind j. OiHiK (Uiiiv, Ghent. 

liron^iic iiualviib iu:e*" th'tif; to Hiv iiiiti.hoil o{ Jkivu?: (ef. C..^l, 
iriOl») Vvcrc >>UKlied. When ad^ufptton of iJif suhi. on 
jrraphUft foolc phvce at a ti*TM|». .ihr.vc J(.K>^. the :iejr.u<iyity 



A detvcripiioti is given '.»f (O M'** m:.c of ttic WviUUtn / 
dTietr>r ami iutmial indieiUoiv: in th«« delii. of wi 
ICjCrtOT, (lU deln. of C in pre^jenco of Jaiy.i; amtr.. of b, e.>j.» 
eojil til pyrites cmicc«lnit»vi. with UixOi on piuniei^ );iaiui er; 
to absorb UwiSOj M»d .SO,. ;»nd dctn. of U;»— jm rw.Ud 
niatonaI«. 

Analytical in<^thoiJj: for detcrniiiiing the concotttrabi 
tonicnlly active sabutaitcvK. If. Sr.hwerdturr^ (Lhen>T)l{/» 

t;cr.). a.«n. ^. ;;i.A:rofu;e^M:oftii;:i.in: o^^ 

Quiditativo armly^:!^: without hydroRCii 5;umde. X. llo ^ A change in. the anion ratio oi ^Ohi. pr<,di,ecd cliange. ux 
duclion method. Tivshiya-^u Kiha <JCiwiay-iwa \Un 
Chcni. ^Vur;. JafMtn^ Pure Chcm. Scet . 70» 

H?;»ftent lo /usp. ions frotn aeidic nob,. Systematic , procc- """...Hv h..h r,:«tilis. M 



W. A. of 'jpcetruJ liiifrt war> at ii max. and their rclalive liUcnratie: 
ration of - wae eonot. An incr^rar.i* in tU« eoucn. of thr soln. i;ave a 
Rrcaler !;eii3itjvicy, except in {hv- 4:a:^c of voma elcTnent^^ rAU± 
titi Al, hut did tiot influeaco the rehiliv(.> hitcii;Jit»<-^. The 
cifix't of tbe v'ol. of the :>oh». on Oir r.lrctrodc wap «(>j;lijinblt:. 
X Ro.. A Hi.ange >i» the anion ratio of ii VOhx- produced cliange:* iii 
;niv > J ^ the »pcetrn because of diffcreneos in the voiali!ily.it:iw»-)la^^ 
-TdU'iy)- adsorption antl absorption chHractcrifJtiLv; of vanoUS sail!: 
;i. «roiip and their eomplexo^. 'I'hti pjOj;enec of eoU^dal Su r.avc. ab- 



diircs of i^fOMp uepu. and identit'Kjation of loit i aie j;ivcn m 
!;iibl«"t. ' Yama.;:\!ci 

FluoronieUic annlyBia with morln. B- V. Rouir uml H. 
iJictz (Ateli«;t oonstmot, «Jec. Cbarlrroi, Cbarie.rvs Behj.y. 

pmluil^ wwf. U, M«"55(l<M0).—A! rraoU with morjn lo 
produce a ^I^lor^.■«cl.M)c^^ which servird aa a nitta.u>: of dctj;. 
U.(X)J-9% A! In \itmK^xr, ajid bwr.es. For kiw than 1% 
Al tbc ^idativc rrror wa.^ bctvr<*iMi -Hi) ami 7.r»/o; lor b<Kh<:i 
pi-i'ctntapcs, OOim- inetals ea\i 

the aualy-asi were rcTuovcrl liv elceholyiri: 



norrmiHy hi>:h r.x*inlts. M- A. Rinchart 

- Amperomctric riUation of sidfliydryl groups: niicrogfttm 
nnaly.sis. .Sbeldojj Uo»cixb<T|;, J. C. I'erTOno, and fc*»ul 
Kirk (Univ. of Callfoniiu Med. i5i^UH»I, TVikclcyJ. 
CJortn. 2Z, HSO -7( rJtK»).--Thc ari^t:i>.tomctrie pwedurr. of 
, IColUioO* and rfurri'; 1^ 7(Vi.) h uiodiaed. A vibraJ- 

iTJi' l*t. electrodv iir»ed a.^. a eombiuuti'"i eet rot! v -Stirrer, 
uitil tbr (ilrariuff soln. i:i !idd»-d frons a horirofilal mien)- 
buret. l''or y aiPJs. of cviUrine-UCI aTid K^utathioue U»e 
i . .,,yo, eiror was le:>:> Ui^ui 5% iti all easels. nuatiuu of d<toatiu^cd 

iiir iiurrfri wice ill ^ ifovifjo Si^nwt albumin rMoM upprox. ()..J% ^aUfhyUryl {jui 
h' M A K. c-yr.relntl: liiis vaha': wa^ rjr*entiaUy uuleprtniiftnt of the 
nature of rhi» denaHirintj .'iK'Mit. T. H. Dunkdbvreer 
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V'oliime IV 



.)OHN 0. BAIL/VR, ,111. 

VlxivfTfiitif vf lUinoir, 

JACOB KLKlMJriUO 
(niivitrttiiif ftf KuTMOA 

T11ET!..\;LD MOJOMJiR 
Unwiii-r.Uy of Wi'nviv 

VIVOEH^E liOCHOVV 
JJ arvard h'nwi'rtiihj 

AfiiitnurJiu:iHfr, inf:f.UtUc of Ti cknol^tpu 
JANI5T D. $OOTT 

HALl'H C. V(.)T7NO 
AJviisachuiir.tfj: hisiU^tr oj Tcr.knahgy 

AnVISOJtY KOAISD ' 
UnivcrRity of lUitioi^ 

Airniirrc a. Til-Ai^icnA rU) 

<flr««^«^ux.'{dfjt Justitiitv. of TtxhnoUmi 
U'. gf.>NARI> FEH;;N.KUTiS 
Tkv i\in\ii}flv(i7n<i SittU: Colhgn 

UrnvcTuiiy f,f Chir/tga 

IIAYMOND K KiilK 
J'Atf i\ihjUxJLnic Inatthiir, «\f HrooUy^n 

VniVi^rnitif of OhH(t(^ 
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sriTidin^;; procndure "is vcpciiJcd. Tlu» residue is agoln cnU 
Utfilcd on n filter and woshcd willi r.olrl wiitor until Uh: fil- 
trate is no lon.rp>r ornngc. but/ instvcacl fainl-ly f;rccniiiih. 
The salt \^ liii:dly washed wiM) iTietlinnol and tM\^\v and dried 
at r>i)\ Yield, 7.S (S0%). A^l CtiWii. for [C<>(Nna)r 
I1(NO:02: N Ha, iU.S. Found : NILr. 21.S. 

D. NlTKOPENTAMMINjeCOBALTrm) NITRATE^ 

1(>»(N1I,);.C0,1N0. i- 2I1^0n + NaNO, 

[Co(NH.);,N0J(NOn)2 I- N:iNO. 00. + IJ^O 

Ten |j;r.ains of rarboii:xlopcnt:imrninor:obalt(nT) nifcratc 
(0.0:jO mol) is su.sp<indcd in 2o ml- of waK^r, and 10 of 
.sodium uil.rite (0.14 mol) and 10 mL of colorlcsi^^niUic acid 
(1:1 coiicenl ritl^^d ocid and wal.vir) arc added. The mixf.urc 
is sUrrcd for 15 minutcj^ at room teiuper;d.nr<\ and tljou 2<M) 
ml. of rni>lhanol is mUWA l.o the slurry. The precipitate ijj 
oolleetcd on a iiltur, \var?lte<l with Tiu-tJianol and ether, and 
dried Hi, r^r. Yield, 10 A;u7./, Ca]c<l. for 

(Cn(NH5),m)?.j(N0.).t: NII^, 27.1. l'\)Uiid: NH,, 1^7.1.. 

E. NlTKATOPENTAMMlNECOBAI-TdXf) NITRATF/' 
{Co(NH:d.C0,lNOn + 2LI:N0:,-> [CotNn;:);J{20](NO.)3 

LCo(NIl3)5H.O](NO:0«-> [Co{NH,l.NOol(NO„)« -I ILO 

Ten grains of ca.rl)onai.opci\tammin.ceof>alt(in) nil,rivtc 
(Omi) mol) is suspended in 25 rnl. of water, aj.i<i 20 nd- of 
colorless nitric arid (1:1 eoiieentratol acid and wutor) iy 
atlded wit.h Rtirrir^i,;;. When the evolution of carbon dioxide 
lias stopped (10 minutesiO, 100 ml. of methanol i« added, the 
a<moperitainn»ine cohalt(in) nitrate is; coUeeted on a filter, 
and wa-yhed witli aleohol and father, Th5^3 ir.jdt h heated at 
HKr for IS houri? (until 1 mol of water is Uyir.l), yielding 10 g. 
(8:^ %) of tlie de-sircd material. Ajial Calcd. for jCoCNlla):,- 
N0in(N0a)2: .NH5, Found: NIL, 25.G. 



r 
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CARUONA TOTEniA MMINBCOHA LT{JJI) NiTllATE \ 7\i 

isuJcty trap anrl in1:o n bt^akei' of '\vn.t^?r where tho acid i$ 
tjt:*atod ^\•it)l 2 iV sodiuii) hydroxide solution. 

Tlii.^ jnixtun:^ i.^^ .'>tirR'«U a(. u rapici rate and })catod for 30 
mi njt(>rt U) t2<V', whcnMipon l.ho black slurry IhiL'^orifj. 
0\\\y jipproNirrwiicly 1 itil. of t,l)<.J sodiiim hydroNidc is von- 
.^uirtcd iil thi5; iiiitinl hoaUni^. TliC rc::j.f:i.i<)?) i,s UK:'.n ;jllt,)wcfi 
to -'>rocccd mpklly at 12xS to VMf for hourf;. In llio conrso 
of tJi<? roacUon ilio ttiixl-virc botJomes lijiJit tn,n tind appreci- 
ably Ic.'r'.s viscous, and tlic theoretical amount of sodium 
fiydroxidf. i}? nxpjired U) ju^utraiizt* tbc Uydro*j;on chloritlt;^ 
which iscvolvftd. V«ry Itttle additionni liydroi»;en ethloride, 
i.s lilu^rattMi during auotJier hour of hontin^, 

The 550iid lill.orod, vvjishcd r{^pCfJ.todly wilJi (ddoroforrn 
or benzene, and dried in vacuo; the yield is 09%. AnaL 
Cixkxl for FvCU: Fe, 44.Uei, Found ;Fe, 43.8!). 

1. ]'. KovACic am3 (X Buaci::: J, Am. Ch ui. Sue, 76, (JitftJ). 
•i. -C. 0- BiiAcn: U.S. |«;U.i;ni.. JpVl'I.OTl 



55. CARB0NAT0TET3^AMMIlSfECOBALT(ni) 
NITRATE 

21Cu{Nh5)4U.>j|K(.>A 4 I'NliiNOi H- 11:0 



ClI/.ftltHiKl^lNt 



'rhe first f?ah>' of tbi« scries were prepared by Vortmnuu' 
ami later cxtcui^ivoly invej-;tii;;i4.cd by Jj<rfiCnsoj^,- wiio, liow- 
ever, pave only f^oniiquarititntive synthetiq preparations* 

t VVcffttOftn Hi'^oi'vii UnivfrfsJiy, Clovr*Jrt.ntfi, Ohio. 
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Thfi mothoil given below, which is a 3Jion» frfxaot pi'oc<j(.hjrc 
tb:ui p^ivcn hitlicrM) (iiiui which may b<« .^i;znif5nari(.ly »sliort- 
cncd by tho use of hydroj^cn pt^'oxiLlc instead of air a.^ oxi- 
(I'r/iog agent) may aho be uAed, virUuilly without charii;*?, 
for the preparation of the cbloridfs, brojtiide, iodide, *sulfaio. 
.selenate, and oxalate of the oarbojiaU>l;«tramminc .vorio: 
simply by im cquivalont: auionnh of the corresponding 
<)rtbalt(H) siilt as stiirtiixf5 maticrial. 

Procedure 

()m: iuHidrcd grants of oobali(n) nitrate O-hydrate 
(0.344 mol.) i.s di.H^?olvcd in 100 ml. of warm water and added 
to a mi.xl.iire of 200 g. of arncnoniuni o:irborjat<? (2,08 moli^) 
in 1 1. of water ami 500 ml. of coiicontratod ama^onia. The 
rosuitinjr liquid h oxklmrxl by .<ucld.nK air through the ^;olu- 
tion contained in two 1-1. suction flas;k.s fitted wlUi ?itopper.s 
aiul air-inlet tubes rcanhin*; almo.st lo tiie bol tonis of 
the v'e.«5ycly.* Aftot 2h hours, when the oxidation irt coin- 
plete, the ^oUitioa is evaporated on the i^.h^iun bath to a vol- ' 
umc of oOl) nil. Any eobalt(IH) o.xide is filtf?r«^d off whih.; 
iiot, und further evaporation to 350 nil. Is ttarri^Mj out. 
During th(^ (;oursc of the evaporation 50 of Kolid ammo- 
nium carbonate .sJiould be added in portions at n\!>;n)ar 
intci^vals.t The sohition. it; next e<M)led in iee, filtered bv 
.suction, and tht* r;ry.staLs pressed well dr^'. The crystals 
may be washed Avith 75 ml. of alcohol. Tlif: filtrate is evap^ 
orated down to 100 ?nl., with the addition of four o-g. |>oj'- 
lioas of ammoniim^ carbonate, and more produel, is isolated 
as above. The lir^t batch of product. 4S to 50 g.. is ana- 
lytieally pur<*, but the seeorifl may be contaminated with a 
tniee of earbonatopentammine(:ol>ait(Ill) aitrato, wliich it-. 

• A tim<f?avjng b\ii morn rmitly ineUjwl of o>:idai,ion in lo :M 2^fi) rnf. of 

Aft,or oUudiiiff 10 muiiitci tho ijohitimi in uvupumtnd iis\ Mow. Thu 
hi lha .s«Tiv.». 

I The ru^tiljir iKjcUlioii uf Lhi! fiinmonnmi «r:irl>onatc m <:nipha9lr.o<l. 
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Chemical A LstmrAs 



Vol. 



ijn- tinsyTn. roiiipil. reacts more slo^lv, 'I'hc rri:jii^f«ti>}iM^;; 

h>v.lrolyv:i.'. f;i|fuily, ;;ivinK ^>*^:" ". riOi* ", StO* and H 

lii<Jf ittirn5.ijlkm.itc: azfxliHnllVnuh; i'j ui) inicniivtrntn.'. 
'IVtrii.snifoiiaU' liytJ^ttlyAi'^ •»iily MJfjhtly. J-t. ii. Jl:iq\utlt 

The stohility of mctai tclracthvlcufpuntrtmiuu rom|>lcxc«. 
ClinrkvJ N. \U'\\W\ I. U. l/.>!Wvv:iy (T-iur. of N. Caro- 
lii.M. C)i;i|u:1 nill). /. J»H. C.V//:»/..i>V/r.,S0.1i!Mr I'.H p.ir.xi — 

foMowinc mnt'il Otnplt.'xcn oF trt.rarllivI(;Mt.:(jcnlaniiin' CI) 
were *.li«ul.: H;:ni), 27.7: CjiiTr). 2;?.!.»: Nh^I). I7,M; 
Zii, Cd. 1-t/),' rijfll). in il; Xhjrn), 7.0; Kitlll), 

C;t. M'v. Sr, U:i . At. miil L.i, nr^^Uftiblo. pK values of 
i^-ri ftrf 1 were found U» Kk* 1. 1 . dikI I0.l>, rcsip., ;it 

AnuiylicuJ ;tp)>(H::i 



vvhiol) \v»*rtr »fmr»vr(! !w filtration. ;iiul VA) n«>. ;mI'!j«L KiOlT 
wa;; a»l»I»M ! ; t Iv y irM wun <i >i, VUI . *lVi :i rohl wUn. of I w.tn 
iirtclwl It'/ s;. powtl. (CCVli)-* «uitjl y. Iilnir.li {jivoii :i<>lr.. 
MhL->in»^<l. Tltt; :;oln. wjis kept '<>"5 ii'* CO4 w.ir. 

trvolvcd ,\vA Ihcu wu;* ucidjluMl vvltli Hit. A<:OII, ond 

.'A)ttil, T'.iOH vv;i';;Ml»k<!. Tlui vldil \v.x-i llii;. IX. winch was 
piirilk'il :.tr- t{J>ual. K-CiOk (Jt it.) Htnl 0 K. *.Mtivlt*in-fil:iinim,; 
MNal:tt{\ prrfwi. by ih^ntMljz.inf< 15 ';f„ 70% XlV with \\, 
pnwd. (CO-rllJi in l!ic K>yU\. uort.* iMiiirtMl itini :i mlil :;oh». nf 
I. 'Hu: nt\xt.. was k«:p'' .'ib'.nJl. I. lir. iVKim temp, until thv: 
o4<>r lKv:i)Jie biwhU vjfth i., :iru:r whioh h \\';ir,cf}*)WA, i:rii;it<<l 
with u Kiiisill :nnl. f»f Rt.OM t:<> r<:n«/vo lorcii^n saiU. aiid llu: 
iihruk* Wii:* fiitihrl h(»:i<i:*l wiUi Bl.OTr ir* ppt. :^ K. X. T>»<' 
[>Iit. vi'iis r»iirifu!(i hy w:ishiti)4 wilJi I'UOM ajn.l Kt-O. XI 
i"t }.;. ; w:ts synl.hi:i5i:6(.'<t i;i Uu* iv;»v X, o>ti <'pt. t.h;it tUi- 



nit'l wilJi !Mi hmit; >;tr*«iit;lh of O.Iil 

tton.s for 1 cvtnpk'.wj iiroMi:krti:;M «l. • .. . . . , , « . ^ r 1 • . 1 *. . . . 

Ar.srMur.cJJl) oxyrbWnlo, m neriv typ<> of polymer bOilil. A ^ ,„iMrr;TTr7:/fC0=nit. U> «. KCI, ;Mirt 1« ml. 7i)% XIV 



K. Tliilo and r, J-JOjrd lAkiw.l. \Vi:v;<'i^;ohult.;ii. WviUn 
A<nor;slioO. .IWjJ^'W. Chrm. t'i\>. 7.^1 il^>.">7i (ill Oirrtlian.i , 
Ar.4<\ flis::c'h-4.tii in .*\>Cl:i witli loni)nt.i^Mi of an atuorplt«»ii:;, 
h:\7i\ p»jlyuir< w^hirh ]!;i>; Ihi' ^^lrllctl^^c Cl:A;iOj (CllAsOl^- 
The 5yrjth*':3i:; oi metal coiiiplcxcts. HI. Syntht:sis of 
ethylcneilinminerarbonalo. amxnjiieo.\nl:UO. anU othylcnc- i 
di;uninoo3r,'ilato sorica of cobaUdU) i;i>niplo)fe>5. Nh»J i>liirJu 
Mori. Miuitji ShihalM, ]-)i:;hio Ky»uh^, auO Koji J lo'ihiynnKt 
CUiiiv. KantizcLWii 1 . ^/i//. CfU'itt. .liVy. Jtipun 31. L'l'M o 
0*»riX); of. <".l. .Si. "if/IS/t.— Threi^ .".t-rio: of C.>(Ui; wm- 
ploxcs wcri: liyutvirntl ii.':iny sy iit.lu^uzf<l fr^'Mj th** i'*"^-'*" •'«>''?. 
of pt »(as';i(Mi> n K-.-irhonaT.orohAluircf'lI [) (I), by turui'; 
:HjL-»:c'iv;»ve sulisriiiH ion carboijaii* by '>?lH-r yjf^uxr.,: blue 
TCj CX<m; j(CO:)-:l . 17,0 HJ.) r vi^h.-l k {Cp(i'n)(CU:,),i .n-.-0 
(lin: |CotVTt)-CO:|ni.ir:0 (IV^; (0.>i>nl:|Cr,.:)II,0 ':V<; , 

biij<>iviCo(Vrji3)-ic.:U.iv) . H,u <y\)\ vi<.i/..i lOtf xi r.,),- 
roo,u|.H,o (Vin- jCoi:Nri',).C;0.[ct (vin,): K.fo»- 

(C;Oi),i| .;^H .0 (1X1 : bU>y ivICcw^riuHl^.O^):.! . H,n iX); 

CI.II.^0 <XIl.i. llM ilivM". Ibi; blur ami Ihi; vi«>lct varieiieti 
jin; probii biy U> Vm- rc'i;.at'<hMl now completes. i;tcreoi.sJ/rrn.Tit; 
witJi eatii olhi. r . J'hf ou);!^ :iH Ihr |)ro<.rrbircs a j'.trcil Ofild 
Milri. of 1 was (if.c^ as .'■.Mrrint; material. I wui* prvjnl. Jn«i> 
20 j;. IvHCO.u 10 OX."!,. Of 1^0, :mhI 5 nil. 00% H-O.. 
by lh«» au-rliod described in liic previous rapcr. To I was 
iuldod r> ci.hyic»)odi;4Uji»'.' «vt«l)»aiatf (X.IU), prcpd. by 
p;t?;^;)n(j COy inio a eoW ;u|. »nln. of 70% cthyln-iivdianniHr 
CXIV). Th^.' miMl. wns pKu-i^d in .in fc^r. biith lor '){) u\\i\. 
untili Oie KWn color changed to blue, arid !iO »td. nf air.. 
iClOH was adrh d. Impure orystair; ;»trp<!. and were tiltrrcd 
<di' .iiul r(^j^:ctcd: c>t> uiJ. addxil. l.vfOK w:>.:; added ro Uic 
ilhrat*', and M.>!n. wa^; W.'pt ;%t 0" for «om(i lime. Crvti- 
tai.s of U v/vn; i;i>ll»;f h d atld pliriiii><! by <lif:;".<»ivinj;i lhK*M\ iti a 
ntin. and. t"»r o'»ld H-.O ami adilini; abii. iilOl i: 1 I'f pnif 
11 were oblaint:d. Vt> I 'Aas ai.ldcil J*i i;. XJTl .i?; f>i'fort> And 
Che iin\r. w.ir, kept 2U min. at room tesup. A viuU r >:t)hj. 
way '.^bUdiiod: 2d snl. HlOTT :rddr.l and <hf r-nln. wa.«-k 
t.UrnMl rtvcmiicht in tJie refrit'eraloc. Thy i>railt.in^r ppl. 
was ri.erysttL »J i»>Me:i .is iK-r'Hf willi onld M^O and abs. 
BiOll r.»;> yiekl t> K, III. IV ^vai^ pfCp'I. by addiij>.c lO nd- 
70% XIV I» he:i'infj \\u: a water Ixitii unij} Ihr 

>;ohi. bi'i-sisne fedd.i{;>i virllivw, Atrcr (;(Jf>lm[,^ il j;. of t.rnilf 
product n:i;; I'llll.Mdi'd find n-T*iyAt<L fr«>in 17^0, V ivns 
prei)d. by fiddiHK 15 ml. ro*;;, XIV, :? >>CI, :h..J I j',. 
active C i*> t. Tint niixl:. w:i.s healiftl r*)0 rnai. oti :i. w.ilcr 
baUi until the color diHiiJced Lv browniyh yell*.>vv, after which 
C wa:i (iltored .iiT. TU*\ rdlr;»t.<» w:is ^va|>il. to hall' tlic 
iidlial vol., co'.>Jed, urul Ihe ppt . warilu-tl willi VCLOTf and 
driiiii. Tlti* yl*?M wrw; ri! p;. V. I eontj;. JO j;. powd.. 
(MiJ4)sOs04 wa;i wannvil r<t "d": w)u:n llu: ;.»»lif, N-ranu^ 
t>tni:>Ji. il was 4-.fn)lri! in an ice Ixilli to »lop fiirllMrf rcar-iion 
and Cii) nil. KtOll was adde<l. Ttio ':<»bt. was allnwrd to 
i,(and I hr.aaid the rcsullin;; eriide product waS e<»Uer ted anil 
rq>ptd, twitx (rum the cuiii :»oin. by afhbi. nf KtOll. Thf? 
laud p|»t., which vvas washed wjih i?tOU ;d>d r-:t-(.) in iwrw, 
yielded 7 jf. VI. The idarlinK ttudvi ir.lj, Mu- same as for VJ, 



was added U> Jl and tbe t^i^f . evapd. on n water bath until a 
• ern.'.a ftM iia*<l mi ItiK MniT.'iei':. The snlii. war-i rooted antl the 
irrvsiab wete rdliTed and wardicd with HlOli: atid Et.O. 

yii'ldiil.i; 10 c. XII. RJ^. '■>"'»bMr^ /; 

'ar u <t y ' ft^fh^'lftantaH' spectra of the sy jiFrin r»iiru:»yi 1 
rtnifiiric acid-snlfuhc acid water wiLli view of th::nitratini; 
hir.hly concorttralcd ;;ulfuric ooid. Arth;>» Sintou and 
UorfxC Riehrer iTeeli. ILoeiuicinde, Dresden, Get.). J. 
fffuH. Ch'm. ill, 08- 70( .IV)a7.i, — I^anunt sr^eCtr.'u of 
Viieuuiu diatd. H-SO* were teeofded wiU' a .?. pr:>.m Z>:i<-; 
>.peeU»}y,f;:|jlj liavietj; .\, <\\T.pi't*\\c%\\ of H.\./n*.m. .It -I^LliS A. 
and I'.S.A./nnn. at t'.^l'*' .A. HN'OS<,>4 wa> pri^prj. \\<\m 
SA^j and lljSOi. The N-Oi content o\ the nitruso acid was 
di.td. with a Lnn)'.y nifjotm-ter :otd ir;fS04 -va-i al:-o deici, 
hy* the Lnni;;e xueiJi*.".!. fn the pn.Mluelion of H.SOi I*i'»j«i 
;:y[.»:,inn, nitiMMi :u^>d*i i»r«*ijr vvbieh eainiot he <lenitrntefi with 
Sbr. With tj>i; aid M Ranuni >;peclr:i the eoii<Iiu«.»n«j nee'J:5- 
••aiy for driiitratinn bivildy roned. 1 l..I'.O.k can l)** ev-.tabliv.iH*d» 
and the renclions Lxaween the nitrovx> i!:ronp aii»l SO: ean he 
I'lafirjed. The NO' frequently in the Rainatt i;p»fet('ncn 
" «leereai:es as; tlie eoncti;.;. of water and NJ-O* inta ea'-v. Tla* 
• teorease b**in)? .jnvdh'r ihr lower thi-- itomCit. <>l* lI>SO|. It i.s 
'.ihovvTi that tine depie.-^ion is eanstd by MSi)!*". Hji-iO, 
moleenkVi unr/jily riMSord . by M-i'iridKCf.) r.hiekJ the polariz- 
ing elTecv 4Jf the HSO*" on thi; NO ' i(»i and ihereby ciwujje 
\\\, ViranHnij ermdhion. Aftemptn to denltratc show that the 
bt.>ndinvc eonditiun of the NO *' ioin;, ehnracteri^^ed by thf. 
po'-.ition of Lhe R.niian freqiseney, va tleelsive for the^leidtru- 
bility of Jtil^•^•>^^ aeid>. Ceojiiv MiM-.tiT 

The cvji»ylex (ordjojl ftonn cobalt hydiociUhonyl ai^d bniu- 
dieiie. W.wW' XS. J<,>tijsMeti, Robert I. %S{c;.u'H;;, Jouko 
^ilen^t;unaa . l^vnald \V. M'fNjur. atid \ . ("neenvdh' \Vliitti;n;er 
( Talane l.= ti»v., New <.>rU*;»n*i, ./. Am. Chcni. .Vi^c 5^0, 

lf;>Sfj -7( IOr»S j,- ■•*r(j»* enaif iJcx fm ined bi-lweon IjalailM'Jic 
.uifl Co hy(irocarhonyf in the abiier.ce of Oxo condiLiou'j wa:i 
prejxl. .and liie ',;lere<»eii',MH . e\«aOr.nrati(.)ii aaii sindicd. 
When K eobaiUarbOTiyJii Le wai> aUowed to react U*' br:;. 
with AeOir and lipoid biFl.adieue in a bi^jh ;.ifes:.<ir'C' ver.«-'eh 
a red-brown li<.;nid war.i obtained, b- ^'C-o'* at le^j? than 1 
iiim,, and Itavini^ im»' Ci*»"ip" , Co(COMCtl"Ij. ff i>; di:nna)i- 
netie and contJutts nu acidie H, T}a.' inftiVed and uUra- 
viuJet .•dwjOfjdjun rarvtri iadieatr Uu' di:.;ap|jear:iiire of the ; 
conittK^itCd 4}iotefiu M.njoTnre ond the a|>pi-'>r»'tnt?c *>{ n 
:;tfttetiir^* pr-xhtehi^ : d >.'.«• ^rpr ion ebamolerisrier. .'unnlar to 
threve. of eis mon<>»>lelm.s. l he .sharp peak at V'(KJ aiJ.~'» 
wliieh in the Co {iydi«>eai bony! Iplis l:HH";n assiuned to t.h<:. IJ 
vibration:*- also tlisappear;. Feli.>L iianndeTS 

The interaction of ainnioniuin and polaSsiuin heXabron^O-jj 
0»nialc(lV) and li^pud j»mnioni.-'i ^^\ 25". TT, y\mrnoxiia 
soluble producis. UefjrKe W . Watt and Lauri Vui^ku (I'lhv..'^ 
o( 'IV.xas. Anr»lia). fnnry,. & MiuJt'ur Ch^m. 6, 2Ui-rd 

. (I«.»5K); ef, (..'.J . S2. .S«lU/.; . 1 2ti-l2/i. -Reaction . if K,<>;nr4' 
^ andliqnid Mllvat -v-'J,''^ tdw?; ^ll;*-'^.*)) . fi-nhrii/nhis-\dihronto 
tftruniniirU'oirtTiuMi J t'"i] \tr*>mi4ii, Thi:; wa'sV »:iolat»Ml as (IK, 
J-/iy/.ir///^f aad eonv^Mted rn ^ inL]fidt^hi.\--\dUrrtmMh\ttiiUifiiuit:05 
in itim{ I V )\tr iitniitU tn ftyu'rttlr. . When ( N 1 1 .t)t*.)/i W t'c a ccf.nu 



reniiiiiied on a* water bath Until the color turneil bine atid panied by NHjJr is allowed to renct shnilarly. hestmi-] 
finally violet; then SU ml. El OH was uddr.d and the l^oIh. ' ' *^ ' *" ' 

kcin overnight in a rcfrif;«rr:itor. 'J he violet ppt. wm; col - 
lected, ilii:ti<.»ive<.f in !;ni;d,l and.. <.f eohl lUO, and i.be com- 
plex wa:: Livii> ivpprd. hy .^ddn. of lilOll. AH\:r the 
produet Wa.. washed willi KlOil and ^;.l:0» h yxMoA 7 ^, 
Vn. fowd. (NH,),e7<J4 (ft and .» ml. eoneiK .NHiOU 
were added to -J u. NH4CI vva:; added, and the mixl. wai> 
wnroH'd /kt until l!ie soln, bccatne pii^k. The s<»hj. was 
iMw«b>d id nd. isiOr-T win iidrird to DOt. .'ill alher "JuiiUi 



minef.n!(ni.iini{I II) hnmitde Is prodsiwJ hy rcftetlon <ifs 
NI-UBr and aee«nnpanyiim heNMnnnineosnnnn)(T! 1) hf.xi*-^ 
bi'Oini*"'«r.mateClJl>- Jack I'ulioff 

TI10 properties of calcium uillcatc hydrates. T. 
Jf.k'rkovich, L). M. Kbelker. O. J. Graclieva, f.,. S. Zevi;»| 
and ^f. r. Knprceva. DMitiv Akad, Nauk S.S.SJ<. 1203 
.S5:^-<.i(HJr»S). ..Ca tfilieaie hydrate:; CSJTn (C ^-^lOg 
S - SiOj. and 1,1* - HvO) were synthesized- X'»-ay i>owdcr| 
dia);ranti>, vieetron niieivnjriiphi;. iht>in»oh.'.danee., diffi^renlv 
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TMIOT.15CT.ION BY CH.KMIOAT. AND 



ITS 



<:tm<»nilly ooiiMuicrod to liavo value wh(tn :ipplitHi to moUiKwork |>n;viy««ly 
iVocxl from HcsxU}, hut it appenrs ox^rcriK^ly donbtinl wlurLhcr thiiy iilTord 
M\v mctiiw of c?*oapc from +.>to nco<»>wity for iU?H<;aUijj^. AM tlio evidence 
obtaifUHl by th<^ Troo ii^nd Stcol OoiTomon Connnittee'.j toto at. 33i:'rby» and 
by the U»stM condijf;f.«5<l liv Waynf^ at CHijibrhl>j;o, luiggewts that tlio b-'vtiw 
tn<^nt.iojUM.l txhow. ^irovults no aiib»tiCuk« lor pirilcling or H}ujt blaHl,ii);/j. 

Atk'iitptijt hiivo h(Hm miwie at Onittljridge ' to prvOipit-ato an uihihittvo 
HubwUinttc* ivithln Um NUiall amount of odKorcfnt ni.s-ti whitVli n.-rnain:? oo sUsd 
wliich hua \kvix oxpci^iixi tr> th<> -vveatlu'.r untl thoii wire- bnwlj 0*1 ; Uiiv can be 
iw(Joniplij*hcfi by inraiin of a pro^:t^^J« Jif double-sipraying. Two sprays jir« 
iirnxnged ao tJjat tbo tiobition.s co»tairu>tl in them iinpixigo mul mix thoy 
converge in flrox>l»''tF* <>i^ tbo .iui-frMir of th<? "u?taJ. l^or iTmiH-irioo, oiin «pr.».y 
may ooriUiui -/aiu*. Kulphato ami ^.h** ollior jjotastuuji* ohruniaU^, >?o .'im to 
pr<.'.«-if>ilctt'; vAu<'. <^hroniat<:\ ;u\ inhibitivc li^^eiiJ., in \utor(\ti<M\n of tlu! 
:idlu:rt'Ma rust. .NumorouH ottusr pain? of solution:-; huva beuri tried and 
ThomhiJr« t-ent** nhow o»<5 of the b<wt oonjbinations to be lead nitratt* tiwid 
»odiiu.n pbo<;^pbiit«. Afbor tho Hfni|)li>Hj>myinK, ptvint \va» ^tppliod in tho 
ordirifiry way iLO<l tho .speciuiou» exposed for 2J ycary a!> Cui!^]»rkl>i<:. It 
wivw found thai; doiiblc-Kprivying wji«. vahitjlmi for it. fmbly srovind mirfacc, 
but. oti «ii<^b It 5^iirfae(.', pmutiug alono-^^ivcu jjood proU-ction, oIn5rni(5Ji.l 
j>i:t.r*tro:itrocnt is not nwies^n-ry. On th«j otiu^r bautl> w}wt\ it\>\)iUn\ to ti 
Hurfjtoo which l^?id h»*cn wotUJiciwul lor such a tirn<.* ax to rfr.arrh r,h<^ Vi!ry 
unfavoorfibic ooJuJition Jijej)tiouod abov^^, doiabltv^pr/iyin^^ ;^imtly jin|>rovod 
thf! pf^rforinanco of tht^ i)aiiit, Doubtlvwi the prwipilatful inhil>it^>r did not 
adbrtro to a bright nwl-frco i^round .^iirfact^ bivt ditl iitiojiin In thu intoiHtiociK 
of the nist jw»t ;tt the pbi.i:ii« whciiz it wtts icqwirNl. Tlilq ayntom of pro- 
treatment htw potf»ibiliti4i:5, bi)t it do*«* uot provont entirely tJic failure of 
jKiinft app1it:d to a piu tly woathcrod Jiiurfaof?. Kxporiments iire now bf*iog 
witrriod out by Mayne on <tilfntv>nl. liinf«. 

Production of Pho.sphnto Ltiyci-s and Sifxtilar CoAlinj^s on Iron 
and StecL PhiwphaUt prcM:.<.:s.siV:t {r>. 507) Jmvo bwn wid*j!y Ji.dopt>jd for 
tho prv-'pAration of tlic rchitivoly l ldn »t<;*el-w(jrk ivik.*] in tin; coaiiiv).l<:d. or 
p,alnt<»d portions of aritoniobik^ or cyolt;:i. Often the batb i» biv;0<l on 
manganc:£!e (iihydroj2;cn pho»pUat.o along with fren photfX)bi.>rio Jioid ; tho 
Analo^^oiL<; zine oonipoiind mtw hIho b« priis^nt. Iron pho&phatcs tend to 
at;etnYiu!jite in old bathii, but thii* ia prwbably undesintblo. owitig to tho 
tendency of iron phosphate ftlrn>» U* oxidize. At ouo tbiK;^ lon.i* poriodft 
v>f trcatrrK^ut were nect^wary» bot rr-ocntly much more rapidly iuAAu^ baths 
havo bt^Mu hi!,rodu*''i^«i ; tinio« .ls nliort m 7 ^^ceylldM are now j3o«iiibh*. 
CopiH^r yaltH ar<; viduabh^ aoceleratcirK, but nitralfr:^ nitrit^M* or chlorate:* air 
also n««i!d ; .'^>motiniei; an organic subj?{'iifHfo {o.g. a nitro-coinpoiind) may Imj 
cbonou to .spet^d up Uie oathodio rf^a<Jtion ; bases Hu<;h a^ .■inilirto, tobiidincs 
pyridlni: ur (piiuolini; ar« mUiUhI to have a f^ntiUr oitoot, whilst ono proot^ss 
malcoK URO of rcciucio}/ aj<cnts «nch as bittnlpbilie^M, Bary ^ fmda that if the 

» R, S. Thornbill and U. K. Bvhxi>k J. Sms. Chntn, httU 10»9» 5«, I». 
-'J, Haty. (/Vr.. 103«. p. IMH'. 
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15 j KLI'UrrRCXUlKMlOAl- TRFvAirMKNTi mOK AND ZTNH ^ (ior, 

rajiiH hjitliM are m coiml-itntwl i»K to nmdiT iliv grnin «iKC of iiht? dftpoait 
viffY ^ "0, thfy givft A.lmo«t tin goOil roflults aftor pahiting a.^ thc- «Iow IxithM. 

Nnrntvroim oUiiir niodifin?vt;ion« of procedure hiivf? been prop<>«t!<:i. Ryino 
iwithoritio^ aiU'0<^att? tlii^ xMx:j?t:noo of aodiurrt diromatft (0*5 g./l.) wut-or 
ami Jor rinwihut after tilK'- plioapbato b^>th. 

ThO proccSLS is vari<x3 uooortiiag aw iho film is infc«nd(:d to form tJic e^olo 
protective li^yer, m* njiuoly to act »us ii ha«itj lor cnaiuol «>t paint. \.n {ho 
);iUcr case, porosity Ik prcSbivbly i«\ iidvnntugR, «<> lihnt tin; p«'iLiit may «oak 
jn. rrolmhly the ixwiin rfsaKona for the ij;ood tM^hwion of pjiirit ani tlireo. 
(I) Tlio miJI-Rcal*: lind n\yt which would <il.h(sr\\'i!w iix «i.'.u»y hrvvis 
bwJti l:>ft bi*low (.bo i>aini. n.rn rnrrkovtHi in a v>njliminary Ojwratiort, bofor<.i 
artiioks <-nlH>r the pbiwphato bat.h ; (2) iha pboaphiit*^ crmt npp7'*M:iai>ly 
rwhior^f tbo danc^er of tbo loc;.\J iunhJiUon hoJow the pallet of bulky ru^<t and 
of alkali, which are frt^^uontJy cfi\iu(^ of dHt>M;biricnt ; (ti) tho y^aint or oiiamel 
llowK into tivo ir^U>rr<ti<M3f5 botwMnjii tho i>h.Oftphatf. crywt^^lH, ki> that the pahit 
coat ir, anobornd to the motal;^ 

Tlo phof*j>hato ooat,^^ ar<' uJiutUly groy ; a h\nx\k finish <:aTi be obtaiiK^d by 
impT*»gnatioii with a dye. foHow<*d by oiling or j^^roiUUiig. Thf^rR an^ nmny 
vark:iios of the |>hospbal.<^ tr<!tatmoni.'' An early nomnuti-ioiiJ procc?j» rc<:oi vod 
the T\t m(\ of CodcUizimj. whilst two troatmeniiw mwsAx ii3od to-day ar« known 
;us pfj.rh:.Hzivg aod TkmiUrizmtf, Parkoriaing ik n«cd for iiutH. boH*, tools, 
ar^d ir tricatu uTOchanisrns in f.yjiMwritorK^ oamoraft, and automatic inachimv? ; 
bore tho Roat floale<l ojily with oih Uondcrizinp: is intcndwl for luic whoro 
a paint, t:namol or lar<p.n;r, is to bn ?L})pHed. It ijs l.'i.r^^<^ly <^ttipioytHl in th<i 
aul-oinohilf>, ny<:U^. n.tfr i.i>urator and typ<*\vnt,<-r indufltrifii, alno ^or Mi^phonc^ 
and ;4 vitc}i>)otvrd ef|iJipTn<»nt, H»id X'O «ouic cxU^nt for taps and Kiniibi.r fittings 

»S] ea.ktr>g griiiTraUy, piio^iiphato tr#^a.tnHrnt hiu* pr<>vcd it« valuo af: a bjvsw 
for kiL^tjucr or cnami'l. ToKtfi by Kolkc,^ however, show that for reai»tin« 
bydrr. cjbloric. or Hidphuri*; acids, it i« b<',ttHr to apply the- nnanicl or varni«h 
du'cn'4 to tho iintrtraU:d wctal : Hfwrtlmona on which it has been applied to 
a plu«phat<s treated basis faik^^JI prumatiiroJy, apparently owing to ftolvont 
a(jt!<»n of the »r;id on the pbonphatc, Sindbr t(wt« * condiMiUid in 3% 
.sodi\M^ chlorido nohition under conditions tif partiaJ imnun-Hion favonwd 
f>jx^uijnenH paint.od over a pho;Hphuto-troatorJ fmrfa-ce, wbit;h, with every 
pfunt ponjbitiation tct^tcd, gavo n^snlt^ wnptrrior i-o the rocrr^«ponding wx^«ci- 
ruw) paititixi on a grovnd not treated in th<^ pho,spbati> bath. A <det of 
phdkgrA[ib>^ pnbliwhcd by MarKli.'dl ilhwtraio the ^mporior TC^ji-stjvnfTO to 
fialt-fipHiy of Rt(wl treated by the Bondorizing proi:CHrt b(?foro painthtg. 
^ •I. Sutton, J, .S?ci- /twr/.. IP-lft. 20» 87. 

» : i. C. Diivitw and. 8- *T. J- luh'4:f.rfid<^p, Stff ,, 10-13. 19, KL IT. ChiifHu 

AJrt. AUoifM, IJMli, 15, ^i:*). E. iWkwitx. Korr, lOiW. 10, HK. A lUirU- 

}tanU anii 0- S/u;h.s, K(fi'roshnJ<fii(/UPt{/. 11)^2, 2, -17. .1... S<OniHUT, »SV.C/ie/ /<- /'/wwtA. 
HKO. 00, 7Ji(i. rj. Iloc«nfrr. U ^ciiwsi^r tuui li, fsTHUHc*, Viw. M<rf.. lO^il. 
17, 174. H. Kmuw:, ** Mct^IIfarbuuK.'' I0;n» pp. lHiK }r>l (Spriiigvi). Soxn*» 
caiwci ul" dcfccu; are di«*.n«no«d by C). Mucobla, Kt>rK Af<^„ 1930, 12» 211. 
KoUc«, i*'ttr6. i5pu.> m.'ii, 3r>, siisafi. 

* Kolkft. Farb, ii<fU„ jm. .nJM. 

* C. B. MaTRJudl, J. OU OuUrtir iViam. /1j»w>c., 1939, 22, 242. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWmG 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



